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AGGRESSIVE TORPEDOES. 


From “ Army and Navy Journal.” 


Ir appears that the constructor of the 
Whitehead Torpedo has recently modi- 
fied his system in order to attain a very 
high rate of speed—the only possible expe- 
dient by which the disadvantage of not 
possessing any directing power can be, to 
some extent, met. Obviously the devia- 
tion from the intended course resulting 
from currents and other disturbing causes, 
after pushing out the torpedo, will be 
dimivished in the inverse ratio of the 
speed of the submerged body. And, of 
course, the chance to strike an antagonist 
in motion will be greater in proportion to 
the increased speed of the torpedo. But, 
unfortunately, great speed cannot be pro- 
duced without resorting to such a form 
that the efficiency of the weapon will be 
seriously impaired, if not destroyed. 
Bearing in mind that the power neces- 
sary fur propulsion increases as the 
cube of the velocity, we need not be sur- 
prised to find that the length of the im- 
proved “fish” torpedo has been aug- 
mented to nineteen feet, while the diam- 
eter has been reduced to fifteen inches. 


Nothing short of such disproportion of 


length and diameter admits of lines suf- 
ficiently sharp to enable a submerged 
body to be propelled at the extraordinary 
rate of speed which, agreeable to the re- 
ports of our officers on the Austrian 
coast, has recently been attained by the 
Whitehead torpedo. Nor could such 
speed be produced, notwithstanding the 
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, Sharp lines employed, and the consequent 


sacrifice of necessary capacity, unless the 
submerged body were charged with com- 
pressed sir of a tension which experi- 
enced engineers regard as dangerous. Re- 
cent accidents in Europe prove that an 
expansive force of one thousand pounds 
to the square inch, now employed b 

Whitehead, is not safe even for experi- 
mental purposes. But let us assume that 
workmanship and materials have arrived 
at such a state of perfection that we may 
safely handle the “fish,” whose skin, 
agreeabie to reports furnished to the Bu- 
reau of Ordnance, is only one-eighth of 
an inch thick, and whose intericr is 
charged with air exerting a pressure of 
1,000 pounds to the square inch. The im- 
portant question then presents itself: will 
the new instrument prove sufficiently de- 
structive to sink a modern iron-clad ship ? 
The report referred to states that the ex- 
plosive charge of the Austrian torpedo 
consists of sixty-six pounds of gunpow- 
der, placed, of course, in the forward end 
of the body, where, owing to its pointed 
furm, the charge will occupy a length of 
nearly four feet. Hence, as the force of 
explosive substances contained in elon- 
gated vessels acts at right angles to the 
longest axis, it will be evident that the 
force of the long, taper, conical charge of 
the improved Whitehead torpedo—sup- 
posing that it strikes fair—will be ex- 
erted in lines nearly parallel to the skin of 
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the vessel struck. Apart from this grave 
circumstance, the fact should be consid- 
ered that the charge is of conical form, 
and that therefore the distance of the cen- 
tre of gravity of one-half of its mass is sit- 
uated only one-sixth of its length from the 
base. Consequently, at the moment of 
ignition, fully one-half of the explosive 
energy will be wasted by expansion into 
the empty body of the torpedo, while the 
other half, acting at right angles to the 
axis of the torpedo, will, as before stated, 
exert its force in lines nearly parallel to 
the ship’s side, and thus become partially 
harmless. Again, the portion of the 
charge near the apex of the cone, though 
in contact with the body struck, is too 
small in volume to exert destructive 
force. 

The foregoing considerations point to 
the fact that the expedient of woing ag- 
gressive torpedoes, long, slender and 
pointed, in order to attain high speed in 
spite of the limited amount of motive en- 
ergy which can be stored within their 
contracted bodies, is incompatible with 
destructive efficiency. No system which 
does not admit of carrying a very heavy 
explosive charge, of such a form that the 
centre of gravity of the same is nearly 
equidistant from its outward limits, will 
prove adequate to destroy iron-clads con- 
structed on the admirable cellular plan of 
the Inflexible. Unless, therefore, some 
new motive agent can be procured many 
times more powerful for the space it oe 
cupies, than atmospheric air compressed, 
the tubular-cable system must be resorted 
to, since that enables us to propel a body 
of sufficient capacity to carry an ex- 
=~ charge of sufficient magnitude. 

or should the all-important fact be lost 
sight of, that the tubular-cable system 
enables us to control and direct the course 
of the torpedo. Regarding the proper 
form and size of the vessel which con- 
tains the explosive charge, we need hard- 
ly observe that, hitherto, that subject 
has received too little attention, 

The reader will find an illustration on 
the front page, prepared from a draw- 
ing which Captain Ericsson has furnished 
to enable us to discuss the question of 
form and magnitude of charge, without 





entering into an elaborate disquisition. 
The section of the ship represented: 


which the aggressive torpedo is supposed 
to strike, will readily be recognized as: 
that of the British iron-clad Devastation.. 
Fig. 1 shows the top view of a torpedo 
carrying a charge of 400 pounds of nitro- 
glycerine. Fig. 2 shows the top view 
of another torpedo of nearly similar form, 
carrying a charge of 1,000 pounds of the 
same explosive substance as the former. 
The slight difference in size of the two 
torpedoes will probably surprise those 
who do not reflect on the fact that, while 
the areas are as the square of the lineal 
dimensions, the contents is as their cube. 
Having in former issues of the “Journal” 
minutely described the Ericsson torpedo, 
we need only remind the reader that the 
rudder is placed under the bow of the 
submerged body, and that the horizontal 
rudders, or fins, for regulating the sub- 
mersion, are placed one on each side, 
nearly amidships. ‘Phe propellers, tubu- 
lar cable, and wire mast, with the colored 
ball at the top, for indicating the me Na 
of the torpedo, require no further de- 
scription. The blunt form of the bow will 
no doubt be objected to by naval archi- 
tects on account of the attendant in- 
ereased resistance. In answer to this 
objection it suffices to state, that the un- 
limited amount of motive energy supplied 
through the tubular cable, renders the 
resistance of the torpedo of no account. 
Referring to fig. 2, it will be found on 
applying the scale, that the centre of 
gravity of a charge of 1,000 pounds is 
situated less than twenty inches from the 
skin of the iron-clad ship. Experts are 
aware that the explosion of such an 
enormous charge, in actual contact, es- 
pecially as the mean distance of its mass 
is only twenty inches from the point 
struck, possesses adequate force to de- 
stroy iron-clad ships of any form what- 
ever. It is hardly necessary to observe, 
that the cellular system will be of no 
avail if the force of the explosion be 
sufficient to breakthe ship partially in 
two. Possibly the constructor of the 
Inflexible is prepared to show that a 
charge of 1,000 pounds of nitro-glyce- 
rine is not sufficient to produce such 
an effect. If so, he will do well to 
consider that the tubular-cable system 
admits of doubling or quadrupling the 
stated charge. 
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THE FUTURE OF WAGES AND OF IRON. 
Remarks of Hon. Aspram S. Hewrrt, at the Bell-Whitwell Dinner, December 10, 1874. 


Mr. PRESIDENT AND GENTLEMEN : En-| 
tirely satisfied as you must be after this 
bountiful repast with all things here be- 
low, unless it be the price of iron, I am, 
nevertheless, quite sure that you will be 
ill content with me if I were to deter for 
one moment the words of welcome to our 
cherished guests, Mr. I. Lowthian Bell 
and Mr. Thomas Whitwell, which spring 
unbidden from the heart of every mem- 
ber of this goodly company of their fellow 
ironmasters, assembled to do them honor 
and to assure them of our profound re- 
spect and hearty good will. I will not 
attempt to disguise from them, as they | 
surely will not disguise from themselves, | 
that this assemblage is of no common 
character and implies no ordinary com- 
pliment. They are to-night the honored 
guests, of the whole American iron trade, 
and we rejoice that this opportunity is 
afforded to us to testify the high estima- 
tion in which they are held, and through 
them to acknowledge the great debt of 


gratitude which we in common with all 
the world owe to the land which gave 
them birth, for its numerous and inesti- 
mable contributions to the development 
of the production of iron in modern times. 


We honor Mr. Bell because he has 
done so much to make the iron business 
honorable. The son of an ironmaster, he 
inherited a position in the trade which 
might have satisfied his ambition without 
any special effort for its improvement; 
but from his early youth he carefully 
prepared himself for the intelligent ad- 
ministration of a great business by scien- 
tific training at the best schools, and by 
patient investigation of the principles 
which underlie the intricate processes of 
manufacture. Fortunately, perhaps, for 
himself and the world, his career has been 
identified with the most marvellous 
growth of productive industry—that of 
the Cleveland iron region—of which his- 
tory affords us any knowledge; and to 
this development he has largely contrib- 
uted by his intelligence, his scientific 
training, and his rare powers of patient 
investigation. By these labors he has 





fairly won for himself the highest position 
which, in our special department of in- 


dustry, can be attained by any man, that 
of President of the British Iron and Steel 
Institute, the most enlightened and pow- 
erful organization for the advancement of 
a purely industrial interest which any 
nation has yet devised. In the course of 
his labors he has instituted an exhaustive 
series of experiments upon the operations 
of the blast furnace and its chemical ple- 
nomena, the results of which he has em- 
bodied in an elaborate treatise, which is 
justlg regarded as the most valuable con- 
tribution in our day made to the laws 
governing the smelting of iron, and leav- 
ing but little to be done in that direction 
by future investigators. While his suc- 
cessful acquisition of knowledge, and the 
practical skill wtih which he has applied 
it to useful purposes, would entitle Mr. 
Bell to very great and deserved distine- 
tion, to us his chief merit lies in the fact 
that he has not kept his acquisitions to 
himself, or even to his own country, but 
has made haste to share with all the world 
the useful results of his labor, thus taking 
himself out of the category of a mere man 
of business laboring for his personal ad- 
vancement, and enrolling himself among 
the benefactors of mankind, And to Amer- 
icans he has a special claim to interest, not 
merely that he has his home at “ Wash- 
ington, in the county of Durham,” whence 
came the family of the “Father of his 
Country,” but that he dispenses there a 
generous hospitality, which makes the 
patriotic pilgrim and the wandering iron- 
master feel that they have returned to 
the home of their ancestors, For such 
deserts the welcome which we offer here: 
to-night is indeed all too poor. 

We honor Mr. Whitwell because he also 
demonstrates the truth, which the world 
has come at last to admit, that the high- 
est science is necessary to insure the 
greatest economy in manufacture. His 
careful training as a mechanical engineer- 
undoubtedly gave him special advantages. 
for a successful career as an ironmaster. 
By his energy, enterprise, and willingness. 
to test fundamental principles in prac-- 
tice, he has contributed in a marked de-- 
gree to the cheapening of the cost of iron, 
and has therefore entitled him to the 
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thanks of all who are interested in the 
progress of civilization throughout the 
world. He is, so far as we are concerned, 
fortunate in having identified his name 
with the word “stove,” which in America 
is always associated with the pleasant 
memories of “home.” But his true title to 
the respect of mankind rests upon the fact 
that he has taught the world how to econ- 
omize fuel, and is therefore a conservator 
of force. His benefaction is direct and 
positive, and the measure of it is the 
number of tons of coal which will annu- 
ally be saved to mankind by his inven- 
tion. We might even venture upon a 
computation of his contribution to the 
wealth of this continent; but I fea@that 
the result would be a sudden conviction 
on our part of the inadequacy of such 
honors as we pay to him to-night to dis- 
charge the obligations under which he 
has placed the iron industry of two con- 
tinents. 

To such men as Mr. Bell and Mr. Whit- 
well, distinguished leaders in the great 
army of modern industry, too much honor 
cannot be done; and yet, with all their 
personal claims to our respect and affec- 
tion, it will derogate nothing from the 
compliment we have tried to pay them, if I 
say that these claims alone, strong enough 
as they are to open to them the home 
and heart of every ironmaster, would not 
of themselves have been sufficient to pro- 
duce this collective and unique demon- 
stration in their honor. To us they are 
more than members of the same frater- 
nity: they are representative English- 
men, citizens of a country to which the 
iron trade may be said to owe, if not its 
existence, nearly all the great inventions 
and improvements which have enabled 
iron to be produced in quantity and at a 
cost essential to the growth of society 
and progress of civilization. To Great 
Britain the world owes the application of 
mineral coal to the smelting of iron ores; 
the invention of the puddling process and 
of grooved rollers; the introduction of 
the hot blast; the steam hammer; the 
Bessemer process ; the Siemens regenera- 
tive furnace; the Whitwell stove; the 
steam engine, locomotive and stationary ; 
contributions which, taken away, would 
relegate the world to a condition of bar- 
barism which the imagination refuses to 
contemplate. 

We cheertully recognize the primacy 





of England in the domain of industry; 
and we are justly proud that we belon 
to a race which in the pursuit of materi 
ends has used them as the means of as- 
serting the right of man to free govern- 
ment and of establishing social order up- 
on the eternal principles of truth and jus- 
tice. We recognize that, as in the world 
of industry, so in the domain of politics, 
she has ret no step backward, and we 
have learned from her history, which be- 
longs equally to us, that every new in- 
vention introduced, and every just politi- 
eal principle established, improves the 
condition of the working classes, and adds 
to the fund available for their better re- 
muneration, While we look with won- 
der on the mechanical and industrial 
achievements of Great Britain during the 
last hundred years, we feel that our ad- 
miration is rather due to the steady pro- 
gress which has been made in betterin 
the condition of the working classes at 
to the increase of comfort which they now 
enjoy, as the result of a better applica- 
tion of the natural forces and wiser leg- 
islation based upon sound economical 
principles. The steady rise of wages 
measured by their purchasing power in 
Great Britain, during the last quarter of 
a century especially, is the most encour- 
aging feature in the history of mankind— 
a very rainbow of promise to the patient 
sons of toil throughout the world, because 
by comparing the past with the present 
the beneficent influence of sound legisla- 
tion on the welfare of the working classes 
thus becomes a matter of absolute dem- 
onstration. The abolition of the Corn 
Laws I regard as the turning point in the 
weltare of the industrial classes through- 
out the world, because it was a practical 
recognition in its most enlightened nation 
that the supposed interest of special 
classes, even when they govern, must 
yield before the force ot public opinion, 
to the just claims of the governed. The 
immediate result of this change in British 
policy was and continues to be a very 
decided increase in the substantial remu- 
neration paid for daily labor. 

But an advance of wages where there 
is no previous training for their pro 
use is not necessarily a benefit; and after 
years of experience public sentiment in 
Great Britain has arrived at the conclu- 
sion that the general education of the 
masses is essential for their steady pro- 
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ress towards a higher social plane. And|not be too highly commended, all the 
it seems to me that the step which has} world was made free to partake of the ad- 
been recently taken in England towards| vantages of this organization, so char- 
the compulsory education of the masses, | acteristic of the catholic spirit which hap- 
in spite of the opposition of selfish inter- pily is beginning to mark our age. The 
ests seeking to retain their hold upon| beneficial resu'ts of this wise pvlicy are 
mere muscular force, to the exclusion of! already apparent in the general introduc- 
mental development, will add enormous- | tion throughout Great Britain of the best 
ly to the productive value of the work- | machinery and the most economical pro- 
ingman, and enable him to secure a rate| cesses, whereby the cost of producing 
of compensation justly due to such in-| iron has been cheapened, alike benefiting 
creased value. There may be those who| the consumer and increasing the ability 
falsely look upon a rise of wages in Great | to pay better wages to the operatives en- 
Britain, as the result of this better train-| gaged in its production. 
ing, with apprehension, and who predict |” Not inferior in importance to the gen- 
that the supremacy of British industry | eral advance in the British iron trade re- 
will in consequence of the improved con- | sulting from the establishment of the Iron 
dition of the working classes pass away ; | and Steel Institute is the introduction and 
but it is to the honor of William E, For-| successful establishment in England of 
ster, whose presence here we hoped to /the principle of arbitration for the settle- 
have to-night, that with the true instincts| ment of disputes between the employer 
of a statesman, such as he exhibited when | and the employed as to rates of wages. 
he was the eloquent champion of the| While it cannot yet be said that the dis- 
American Union in the time of its peril,|astrous consequences resulting from 
he was able to discern in the history of | strikes have been altogether averted, 
British legislation in its effects upon |every intelligent man now sees that their 
British industry the fundamental law | occurrence is rendered more difficult, and 
that labor is productive in proportion to|that the good understanding between 
its intelligence, and that.no more certain | masters and men, so indispensable to the 
means could be devised for perpetuating | successful conduct of business, must be 
the supremacy of Great Britain over other | greatly promoted by the discussions and 
nations than by securing for the masses|evidence which the contending parties 
of the people a better education and a/are bound to have before an impartial um- 
higher culture. |pire. Arbitration not only pours oil upon 

For the same reason the establishment | the troubled waters of industry, but in 
of the British Iron and Steel Institute | fact is oil to the machinery of trade, keep- 
marks a new era in the international his-| ing it in motion without jarring and stop- 
tory of industry. While it is true, as| page from unnecessary friction. When 
Mr. Bell justly remarked in his presiden-| the working classes come clearly to un- 
tial address at Liege, “ that art and science ‘derstand how the fund available for the 
recognize no geographical or political) payment of wages is lessened by strikes 
boundary,” it is equally true that prior to| and lock-outs, they will regard them as 
the formation of the Institute the “secrets | the greatest evils of the age, and, in this 
of the trade,” as they were called, were| and every country where they enjoy the 
jealously guarded, and access to works | right of suffrage, will insist that the prin- 
where special processes were carried on | ciple of arbitration in trade disputes shall 
was extremely difficult, and often impos-| be incorporated into the legislation of all 
sible, as well to foreigners as to natives.| industrial countries, and thus relieve 
For the first time in the history of indus-| themselves and the community from the 
try, the accomplished leaders of a great | dreadful suffering and irreparable losses 
trade associated themselves together, | resulting from any protracted stoppage of 
not merely for the purpose of instructing | the machinery of production. 
each other in their special departments,| Great Britain also has the merit of hav- 
of comparing experience, and of gather-|ing originated International Exhibitions 
ing together the latest discoveries in|of Industry, which in the judgment of 
science and art for mutual benefit, but, | all intelligent men have done more for the 
with a liberality never before evinced ex-| rapid progress of civilization than any 
cept by scientific bodies, and which can-| other human agency; and for the work- 
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ing classes especially have been of incal- 
culable benefit, not merely in the enlarge- 
ment of their ideas, and the development 
of their tastes, but in patiently gathering 
together the facts which affect their social 
condition ; the rates of wages paid in dif- 
ferent countries; the elementary means 
of education adapted to their wants ; the 
dwellings in which they are, as compared 
with those in which they should be 
housed; the varieties of food and the 
methods of its preparation ; all of which 
have exerted an influence throughout 
Europe, and especially in Great Britain, 
which no lover of his race can overlook, 
and no statesman can afford to disregard. 
We are now about to avail ourselves of 
this grand humanitarian idea in our own 
country, and we are glad to learn by the 
cable to-day that Great Britain will take 
part in our Exhibition in 1876, the result 
of which must be the increase of national 
good will and an exchange of ideas which 
cannot fail to advance the interests of 
labor on both sides of the Atlantic. 

In this connection there is another 
hase of recent industrial development in 
ingland as well as in this country which 

should attract the notice of all thought- 
ful men, in its bearing upon the question 
of the economy of production, and the 
consequent augmentation of the wages 
fund. I refer to the steady growth in the 
size and completeness of the establish- 
ments devoted to the production of iron, 
and, from the magnitude of the capital 
necessarily employed, their consequent 
transfer from individual to corporate 
ownership. Without entering into the 
question of the comparative advantage of 
these respective kinds of proprietorship, 
I desire to direct special attention to the 
facility which these corporate bodies offer 
for interesting the workmen directly in 
the ownership and the profits of the busi- 
ness; which, if generally availed of, must 
result in the final extinction of strikes 
and labor disputes, and thereby largely 
increase the earnings of the working 
classes, measured not by the day, but by 
the lifetime, and improve their moral and 
social standing. Now, Great Britain, in 
her corporate manufacturing companies, 
such as Crossley’s, and in her legislation, 
- which makes legal provision for “ part- 
nership of industry,” hax set us an exam- 
ple of wise foresight, which we have, I 
confess, been slower to follow than could 





have been anticipated, but possibly to be 
accounted for by the fact that these fine 
adjustments of conflicting interests are 
more necessary and feasible in older and 
more densely oye countries than 
in a new world like ours, where, as yet, 
the forces of nature have been appropriat- 
ed only to a moderate extent. Never- 
theless the example is before us, and we 
recognize that to us Great Britain is a 
great free school of industry, in which 
have been wrought out for us without 
cost the wisest institutions, the most com- 
plete machinery, the best processes, and 
the most advanced organizations for the 
conduct of industry which the experience 
of a free and enlightened nation overflow- 
ing with capital and energy has been able 
to elaborate. 

You, gentlemen, and our distinguished 
guests will, lam sure, pardon this enumer- 
ation of the phases of industrial and so- 
cial progress especially apparent in the 
British iron trade, in view of the supreme 
importance to us here of the question of 
wages, and, above all, of the ability of 
Great Britain to pay a steadily increasing 
rate of wages, an ability which she is thus 
surely augmenting by the discoveries of 
her men of science and the inventions of 
her mechanics, by her wise and progres- 
sive legislation, looking to the future edu- 
cation and moral elevation of her work- 
ing classes, to the settlement of all trade 
disputes, and to the reconstruction of her 
industry on the enduring basis of practi- 
cal harmony between labor and capital. 
Every step in this direction is a benefac- 
tion to the United States as well as to 
Great Britain, and drives another nail 
into the coffin of international restrictive 
legislation; and no one will hail with 
more enthusiasm than this body of Ameri- 
can ironmasters and their distinguished 
guests the advent of the day when all 
barriers to free commercial intercourse 
between the nations can be safely re- 
moved, by the equalization of the wages 
of industry which the enlightened states- 
men and scientists of Great Britain have 
done, and are doing, so much to bring 
about. 

And this beneficent result cannot come 
too svon for the interest of the world at 
large. Although the business of making 
iron is everywhere passing through a 
stage of great stagnation, yet its future 
growth can be predicted to almost the 
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same certainty as we have learned to cal- 
culate the orbits of the heavenly bodies. 
In 1856, when the annual production of 
the world was about 7,000,000 tons, after 
a careful investigation I ventured to pre- 
dict that the production of iron would 
reach fourteen millions of tons in 1875, 
This limit was passed last year, when the 

roduct reached fifteen millions of tons. 

do not think that I risk my character 
asa prophet when I indulge the belief 
that by the close of the present century 
twenty-five millions of tons per annum 
will be required to supply the wants of 
man. There are gentlemen in this room 
who will live to see this prediction veri- 
fied, for it covers only the life of a single 
generation. Great britain, in 1856, fur- 
nished one-half the annual supply, and 
she has been able to maintain this ratio 
till the present time. But even Mr. Bell 
and Mr. Whitwell, with all their natural 
confidence in the resources of the mother 
country, will admit they will be tasked 
to the utmost to keep up with the in- 
creasing demand for iron, at its inevitable 
rate of ee. when the total aggre- 
gate shall go beyond twenty millions of 
tons. Between Great Britain and our- 
selves, therefore, all possibility of rivalry 
must in the very nature of things soon 
pass away, and we shall then behold the 
magnificent spectacle of the two greatest 
and freest nations in the world co-operat- 
ing together for the extinction of ignor- 
ance, pauperism, and crime, and the ele- 
vation of the working classes throughout 
the world to that condition of comfort 
and intelligence to which they have a 
_just claim, and which no political system 
can deny without laying the foundation 
of its own ruin. 

We have a common language; we in- 
herit from England our common law and 
a priceless literature; we have govern- 
ments based upon the same political 
rights of man, and the equality of all men 
before the law; we have the same social 
customs and standards, and the same 
love of home and the sanctity of the fam- 
ily relations; we have the same great) 
end in view in the amelioration and 
enlightenment of the working classes ; 
and, as if to provide us with the means 
of the speedy accomplishment of the 
hopes of all good men, we have, in the 
main, the control of that great fund 
of wealth and power which has. been 





stored up in the coal fields, and which is 
the key to the progress of civilization 
and the improvement in the condition of 
mankind. We are in fact but one fam- 
ily, endowed with the same training, oc- 
cupied in the same pursuits and aspira- 
tions, and blessed with the same moral 
and material resources. We are working 
to a common end, and by the unchange- 
able laws of nature we can work to no 
other; and hence it is impossible for any 
intelligent man not to see that the laws 
which govern production, distribution, 
wages, and profit must sooner or later 
operate with absolute equality and free- 
dom between the two nations—if not be- 
tween the continents; and hence whoever 
is engaged in the promotion of this desir- 
able result, whoever hastens its advent 
by a single day, is the benefactor of this 
country, and should be its welcome 
guest. 

Hence, Mr. Bell and Mr. Whitwell, we 
justify to ourselves, aside from personal 
grounds, this exceptional demonstration 
in your honor. You stand here to-night 
as representatives of England, our moth- 
erland, fruitful now as of old in good 
works and good examples, ever progres- 
sive inthe development and application 
of the eternal principles of truth and jus- 
tice; striving still, as in the days of King 
John and Charles the First, and James 
the Second, to elevate the masses of the 
people to a better condition—foremost in 
the march of industry and of civilization ; 
and by the ties of blood and race, and in 
the possession of the joint estate of the 
coal and iron of the world, partners in- 
separable with us in the future benefac- 
tions to mankind which nature has put 
it in our power to confer, 

Although commanded to speak words of 
“welcome,” Mr. Bell and Mr. Whitwell, 
I am but too well aware that they are in 
reality the language of “ farewell.” Hence 
I have refrained from referring to the 
special facts of our development in the 
manufacture of iron, which you have both 
carefully studied ; and in regard to which 
you will doubtless express your judgment 
at the proper time. We might regret 
perhaps that your visit has found us in 
such depression; perhaps it may be more 
justly said in the throes of a new birth ; 
but it has at least this advantage, that 
you see the old passing away and a new 
era of science and mechanical excellence 
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fairly inaugurated. For the first time in 





M Iron and Steel Association, whieh has 
our history, we have a capacity for pro-| honored me with this privilege, because 
ducing iron in quantity adequate to our] probably more than any other of its 
consumption in a normal state of affairs,’ members I have enjoyed the boundless: 
and when the old are fully adjusted to | hospitality of the British ironmasters, I 
the new conditions, under which alone! bid you “ welcome and farewell,” only in. 
iron can be profitably produced, you will, | the hope that we shall be honored at our 
I am sure, agree with me in one assertion, | Centennial, in 1876, with the promised 


that it is the “ manifest destiny” of this presence of the British Iron and Steel 


country to be the seat of an iron growth ; Institute, of which you, Mr. Bell, are 
on a larger scale than the world has yet the distinguished President, and you,. 


witnessed. 
Gentlemen, in behalf of the American 


'Mr. Whitwell, are so eminent an asso- 
ciate. 





PROPORTIONS OF THE 


HEADS OF EYE-BARS. 


BY CHARLES MACDONALD, C, E. 


From “ The Transactions of the American Society of Civil Engineers.” 


Iw the discussion of a paper on the pro- 
portion of pins, read by Mr. Bender, be- 
fore the Society during the past year.* 
the importance of a properiy proportioned 
eye-bar was referred to, as exercising a 
considerable influence on the size of the 
pin. Reference was had to the published 
account of experiments made in England, 
up to the year 1869, from which it ap- 
peared that in order to secure the full 
strength of a bar it is necessary to pro- 
portion the head according to the dimen- 
sions given in Fig. 1. The method ob- 


served in the manufacture of these heads 
is not stated in the published account of 
the experiments, but it is presumed that 
the bar is first rolled to the full width of 
the head, and then drawn down between 
the heads in a reversible mill to the re 





* “Proportion of Pins used in Bridges,” by Charles 
Bender, C. E., read before the Society April 2, 1873, and 
afterwards published in an extended form. 


quired width, leaving the heads to be: 
forged to the proper shape under a ham- 
mer. The results of the following experi- 
ments confirm the general accuracy of 
the English standard, and an examination 
of the change in form of the head under 
strain will be of interest in assigning rea- 
sons for the conclusions arrived at. 

The tests were made at the works of 
the Watson Manufacturing Company of 
Paterson, N. J., during the month of De- 
cember last, under the direction of Mr. 
O. Chanute, for the purpose of determin- 
ing the character of the iron used in links 
for the newiron bridges on the Erie Rail- 
way. The testing machine was a hy- 
draulic press of approved construction, 
and the behavior of the iron was believed 
to be in the main satisfactory. The re- 
sults in this particular will not be re- 
ported in detail, further than relates to. 
the subject under consideration. The 
heads of all the bars tested were made at 
the works of the Phillipsburg Manufac- 
turing Company, by the process known. 
as die forging. The end of the bar is. 
slightly thickened and drawn down to 
a wedge shape; a pile of scrap is them 
placed upon it, and the whole heated to 
a welding heat, after which it is drawn 
out under a steam hammer, and forged. 
into the proper contour of the head by 
means of a vertical die, half of which is, 
cut out of the anvil and half out of the 
hammer. Three bars having a section of 
4 by Zinches and 6 feet long, were brokem 
in the body of the bar, under an average 
strain of 54,400 pounds per square inch ; 
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all of the bars indicating the same condi- 
tion of fracture as the specimen submit- 
ted. In each of these the heads were 
proportioned as in Fig. 2. After rupture 
the heads were found to assume the form 
indicated by the dotted lines ; from which 
it would appear that the proper disposi- 
tion of material upon a line G H is of the 
first importance, as tending to transfer 
strain from the bar to the back of the pin 
without undue concentration at the edge 
of the pin hole. If the amount of mate- 
rial upon this line were sufficient to pre- 
vent change of form, the lines of strain 
from the i will arrive at the section 
DD in adirection parallel to the bar, and 
the area of this section would then not 
require to exceed that of the bar itself. 
In practice it is not possible to effect this 
result absolutely, as will be noticed in 
the movement in this particular head; 


Fie. 2. 








hence it is proper to increase that section 
by a certain proportion of the bar section ; 
in this case it is 30 per cent., while by the 
English standard it is 25 per cent. In 
determining a proper depth behind the 
pin, it should be borne in mind that from 
the nature of the manufacture of a head 
the fibre of the iron cannot be disposed 
in the direction of the strain with the 
same uniformity on this line as elsewhere, 
hence the necessity of allowing a more 
liberal margin for safety. 

At the same time and place two bars 
were tested, having heads proportioned 
asin Fig. 3. No. 1 burst at the crown, 
under a strain of 44,000 pounds per square 
inch, the fracture showing burnt iron for 
a distance of 2 inch inwards from the 
point. The broken head was _ subse- 

uently removed, and a new one made 
om Passaic Rolling Mill iron, was 





welded to the bar by Watson’s hollow 
Upon application of the 


Fie. 3, 


fire process, 























strain the bar broke through the Passaic 
iron with 51,600 pounds per square inch, 
No. 2 burst at the side of the head, on 
two lines, under a strain of 50,000 pounds, 
the fracture showing slightly burnt iron. 
It is to be regretted that the scantling of 
these last bars was not the same as in the 
previous cases, in order that the compar- 
ative effect of pin diameter might have 
been eliminated. If, however, a head be 
designed for a 4-inch bar upon the same 
basis as in Fig. 3, it will be found (see 
Fig. 4) that the section on a line G H 


Fic. 4. 


ttl 











is considerably less than in the standard 
before you, and the depth behind the pin 
is also deficient. 

The question as to whether the dimen- 
sions assumed in Fig. 2 are the correct 





10 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





ones for heads manufactured by forging 
or welding can scarcely be determined 
from the hmited number of experiments 
referred to; but by comparing the results 
with those obtained upon the same sub- 
ject abroad, it may be assumed that they 
approach very nearly to an accurate 
standard. One fact seems to be clearly 
indicated, namely, that it is not by in- 
creasing the section D D that stability is 
to be obtained, but by thickening the 
head in front of the pin in order to se- 
cure a proper distribution of strain in D 
D. Whether this rule applies to heads 
formed by the upsetting process, remains 
to be proved. The present practice in 
some establishments is to make D D 50 
per cent. greater than the bar; probably 
to counterbalance the effect produced by 
distortion of fibre in the manufacture ; 
and because of the difficulty of forcing 
the metal far enough back to maintain a 
proper width in front of the pin. 
Inasmuch as the diameter of pin must 
first be known before the head can be 
proportioned, a table of pin diameters is 
annexed, varying for widths between 2 
and 7 inches in flat iron, and up to 4% 
inches for squares and rounds. This table 
has been calculated upon the supposition 
that for flats thinner than 34 to 1, the pin 
diameter should be 75 per cent. of the 
width of the bar, as indicated by the 
English standard. But inasmuch as the 
experiments upon which this ratio was 
determined, were made with the pin sup- 
ported on each side of the eye,* it be- 
comes necessary to consider the effect of a 
thick bar upon a pin projecting as from 
the top chord casting of a bridge. For 
-all practical purposes we may assume the 
os to be in the condition of a cylindrical 
eam fixed in position at its supports and 
loaded with a weight equal to the strain 
upon the bar, distributed uniformly over 
a length of pin equal to the thickness of 
the eye. The formule expressing the 
diameter of pin which shall not be sub- 
jected to a greater strain upon its ex- 
treme fibres than 10,000 pounds per 
square inch, under the above circum- 
stances, are as follows: 


For flat bars— 


7 i. 
D=1.721t 7, + 





* The diameter of pin in the experimental bar was de- 
termined with reference to heavier bars in the structure 
or which it was intended, 





In which ¢=thickness, and ¢ n = width, 
For square bars, m = 1. For round bars, 
in which the thickness of head is $ of an 
inch less than the diameter of bar, the ex- 
pression becomes 


inuiaaiion Kq. 2. 
Re SERS? (Eq. 2.) 
In which D = diameter of pin, and d= 
diameter of bar. 

By solving Eq. 1 for values of no greater 
than 3 1-2, it will be found that the value 
of D obtained will be less than 75 per 
cent. of the width of the bar; hence, for 
all widths above this limit, the ratio 75 
must be taken as determining the pin 
diameter. For other widths the formule 
as above have been used in calculating 
the table. 

Mr. Cotttncwoop—Mr. Macdonald has 
pointed out two primary considerations 
in the economical use of iron—form and 
condition of the metal. Unless these are 
thoroughly cared for, the consequent re- 
sult will be an increase of weight in our 
structures. Admitting, however, that 
these are as required, it seems to me that 
a third element should be taken into ac- 
count (even in deciding upon the first) 
and that is, the methods pursued in form- 
ing eyes, bolts and the like—not, how- 
ever, referring to the state in which the 
process employed leaves the iron, chemi- 
cally considered (that is burnt or un- 
burnt), but to its physical condition, its 
compactness and the uniformity of its 
fibre. 

Ip preparing the lower anchor bars of 
the East River Bridge for insertion into 
the masonry, four bars were left in the 
acid a little too long, and the result was 
to show the fibre in the eyes very plain- 
ly. The bars were 37 inches, section, 
about 13 feet long from centre to centre 
of pin holes, which were 5 inches, and 
the eyes 15 inches in diameter. The eyes 
were furmed by hydraulic pressure, — 
first upset on the end and then presse 
on the flat into a die which gave the per- 
fect shape. The two sides, edges and 
section of the iron in the pin-hole of one 
of the eyes are shown in the figures. The 
result of this process, as will be at once 
seen, is to cause the fibres to fold back 
upon themselves, and leave on each face 
(almost directly in the position pointed 
out by Mr. Macdonald as needing great- 
est strength) lines more or less depressed, 
the average depth being 1-16 to 1-32 inch. 








DIAMETER OF PINS. 








FOR FLAT BARS. FOR ROUND AND SQUARE BARS. 
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The lines on the opposite faces were 
never opposite, but were from, on one 
side # to 14 inches further from the cen- 
tre than on the other; in the bar shown, 
this distance was # inch. In some of the 
eyes also there was an appearance of 
looseness about the pin-holes shown by 
an actual separation of the fibre for 4 
inch. The bars were tested to 20,000 

ounds per square inch without set. It 


is nevertheless certain thit the iron in the | 


eye was not in condition to give its great 
est strength. Even if we decline to 
recognize the existence of fibre, we can- 
not deny that iron is stronger in the di- 
rection in which it is rolled than in any 
other, and that well-worked, compact 
iron is stronger than that which is slight- 
ly worked. 

I have been asked to describe the pro- 
cess of preparing the bars for the anchor 
chains of the East River Bridge, before 
they were covered up in the masonry. 
The bars had been painted, and when de- 
livered had considerable rust upon them. 
A long shed was prepared with an over- 
head travelling truck (cheaply made), to 
which were attached two differential pul- 
ly blocks for lifting the bars. Under- 
neath, at a convenient height for the 
workmen, was a double line of rails on 
which the bars could be slid along for 
painting ; at one end of the shed were 
— side by side, five vats. In the 

rst was a solution of potash to remove 





rease and paint; in the second and 
fourth, water for rinsing; in the third, 
dilute sulphuric acid, and in the last was 
lime-water; the potash and lime vats 
were heated by steam. The strength of 
the solution is not very material, as it 
only affects the time required to produce 
the desired result. 

Four bars were usually in each vat at 
once. The intent was to remove the 
scale entirely by the acid, but we soon 
found that the bars were eaten too much 
before it came off. Resort was then had 
to hammering to detach it, the object be- 
ing to secure a clean metallic surface. 
After cleansing, the bars were left in the 
boiling lime-water until thoroughly heat- 
ed. They were then rinsed quickly, and 
while hot, coated with raw linseed oil. 
After this had hardened thoroughly, raw 
linseed oil mixed with Spanish brown and 
the boiled oil with Spanish brown were 
applied. The pin-holes were then thor- 
oughly cleaned, made smooth and rubbed 
with raw oil. 

After the bars were put in position in 
the masonry, they were subjected to a 
heavy upward strain to bring them to 
bearing; they were then adjusted and 
wedged; next, thin grout was poured 
around the eyes and pins and rich con- 
crete filled around the bars. Recent ex- 
aminations at Niagara show that with 
our American cements, this process affords 
an absolute protection against rust. 





THE MECHANICAL PROPERTIES 


OF BRONZES. 


BY M. TRESCA, 
Translated from ‘“ Annales du Conservatoire.” 


Durine the siege of Paris we had fre- 
quent occasion to ascertain the difference 
ot results in experiments on the properties 
of bronzes; afterwards it seemed to us 
that it would be useful to determine more 
ree the properties of this alloy, of 
which the normal composition is 100 parts 
of copper to 11 of tin. 

In the year 1872, in order to investigate 
the properties of bronze prepared with 
—s M. Morin procured two 

ars of bronze of the same dimensions; 


one cast by the old processes, the other by 
the “eggt seme process. 
i 


The mensions were such that the 
«asting could be made under the best con- 





ditions. But tin spots were numerous, 
and a great number of bubbles appeared 
on some of the surfaces. We have made 
our experiments on the clearest portions 
of these bars, detached and planed so 
as to afford solids of exact geometric 
form. 

In 1870 we found that the most com- 
pact and homogeneous bronzes offered the 
most resistance to tension. 

We made out of the Bourges bronzes 
small test rods, similar to those used dur- 
ing the siege; and we should be satisfied 
with the figures we obtained, even were 
they not confirmed by other results. 
MM. Laveissiere, who made in 1870 more 
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than 100 cannon, and sent specimens to 
the Vienna Exposition, allowed us to cut 
samples, so that we might test their pow- 
ers of resistance. The samples were of 


the same dimensions as those from 
Bourges, and were submitted to the same 
test. The following is the composition, 
as determined by M. L’Héte: 





_—, 


BRONZE, 


COMPOSITION. 
Ordinary, of Bourges. 


BRONZE, 
Laveissiére, 
Mean of 3 analyses. 


BRONZE, 
Phosphorus, of 
Bourges. 





89.87 
9.45 
0.31 


89.47 
9.78 
0.66 
0.09 


90.60 
8.82 
0.27 
0.31 











100.00 


100.00 








M. Alfred Tresca had charge of the ex- 

riments under my supervision. 

That there might be no uncertainty in 
the results, it was necessary to vary the 
methods as much as possible. 

The large bars of 0”.025 x 0".050 by a 
length of one metre could be tested only 
by flexion. Two bars have been used in 
each experiment, so that the coefficient of 
elasticity, the load and the extension cor- 
responding to the limit of elasticity have 
been determined for the Bourges and the 

hosphorus bronze. Another experiment 
in flexion had already been made upon the 
entire bars, from which the above were 
taken, with dimensions of 0".060 x 0". 100 
by 2™ in length. The coefficient of elas- 
ticity differed but slightly from the pre- 
ceding. It is the only coefficient which 
can result from special experiments in 
which no alteration is in any way made 
in the material. 

The experiments in traction were more 
varied. In each case two bars were 
broken with dimensions of 0.025 x 0".025 
by 1” in length. 

The eldngations were measured with 
the greatest care by means of cathetome- 
ters. In this way have been determined 
the coefticient of elasticity, the load and 
elongation corresponding to the limit of 
elasticity, and the load and elongation 
corresponding to rupture. All these are 
shown in the table of coefficients. But 
of the last we have not taken account in 
the means for a reason given further on. 

Experiments have also been made upon 
¢ylinders 0.012 in diameter and 0.15 long. 

wo parallel scratches, distant 10 centim. 
from each other, were repeated with the 
same opening of the compass along with 
the increase of the loads, so that each 
sample showed a record of all the opera- 
tions upon it. The first marks are almost 





coincident for small loads, but for large 
loads they are very distinct, and it is 
these that are of real value as tests. 

We have expressed in definite amounts 
— loads and elongation of rupture. 

s regards the breaking load per 
square metre, the experiments show that 
it is always larger for the small cylindric 
sample than for the large square one, 
We have taken the mean of these two 
values. 

The elongation corresponding to ru 
ture has been referred to the metre in 
length, and the actual elongations have 
been increased tenfold for all measures 
deduced from the primitive length of 
0.10. This has led to results requiring 
explanation ; and we shall avail ourselves 
of this opportunity to show how illogical 
is this method of evaluating great elonga- 
tions. As soon as the limit of elasticity 
is passed, they result at once from pro- 
portional elongation, distributed with 
more or less regularity all along the piece, 
and form a purely local elongation corre- 
sponding to the sections most extended, 
Increasing this tenfold gives a false notion 
of the phenomena. 

It would be better that the result should 
be obtained from a test-piece having the 
same dimensions in diameter and length. 

The breaking load per square metre and 
the corresponding elongation are mani- 
festly affected by the form and size of the 
transverse section. 

As we were not able to take a mean of 
the elongations measured for a length of 
one metre and a length of 0".10, we shall 
refer only to the last, which alone are ca- 
pable of comparison with the proof co- 
efficients in use for materials employed in 
ship or railway construction. 

The following tables were calculated 
from graphic constructions : 
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Further explanations are necessary in 
order to better characterize the different 
properties. The experiments in flexion 
were not continued long enough to de- 
termine the modifications of the surface 
of the metal. It was, however, observed 
that there was a slight enlargement of 
the fissures upon the samples B. 

The large bars showed in different de- 
grees a diminution of transverse dimen- 
sions in the section of rupture, especially 
between the middle points of opposite 
sides, where there was a sénsible con- 
cavity in the parts most deformed. It 
follows that the total strain is not uni- 
formly distributed in the section, and 
these inequalities evidently indicate 
others in the transverse direction. The 
distribution of these transversal strains 
is probably rot the same for all forms of 
section, and therefore does not cause the 
same displacements. 

The bars B were fissured transversely 
at many points, especially upon one of 
the edges of the prism, which presented 
an appearance of serration; the surfaces 
were warped ; while the bars P are less 
deformed. The bars L show a more 
distinct nippling, with very slight fissures 
at the angles ; the section of rupture is 
reduced to 0.95 of the primitive surface. 

The fractures have very different 
aspects : 

B, metallic lustre; broken surface ; 
many grains of tin. 

P, earthy look; granulated surface ; 
great uniformity. 

L, metallic lustre ; granulated surface ; 
strained zone, paler than the rest of the 
section. 


variety of effects was still more charac- 
teristic. 

The ordin Bourges bronze broke 
without great elongation ; the fracture was. 
marbled with yellow and white, and there 
were at intervals small transverse fissures. 

The phosphorus bronze had the same 
external appearance. There was no rup- 
ture of the wall; its transversal fracture 
had no metallic lustre. It was quite uni- 
form in its dull and earthy look ; but 
there was in one of the samples a small 
spherical cavity filled with another com- 
pound, the presence of which undoubted- 
ly facilitated the rupture. 

The Laveissitre bronze had a more 
metallic and homogeneous fracture. It 
was particularly distinguished by the 
condition of its cylindric wall, which was. 
bossed and nippled all along in a curious 
way ; probably indicating great malle- 
ability. The circular section became at 
some points almost polygonal. 

On one of the samples were several 
transverse rents, hardly perceptible, re- 
sembling somewhat those occurring in the 
bronze of Bourges. 

We have collected in the following 
table all the mean results of experiments, 
giving the values of the resistances of 
elasticity and rupture, T, and T,, in kil- 
ogrammetres, of the work at the limit. 
The values 7,, and T,, of elongation and of 
work corresponding to the load of 
16.745* x 10, sufficing to break the or- 
dinary Bourges bronze, are united. In the 
same table appear Tredgold’s coefficients 
from Poncelet, and the ratios of co- 
efficients. Upon the relative values of 





In the case of the 


EE 


BRONZE 


cylindric bars the 


BRONZE 


of Bourges. 


BRONZE | Poncelet’s | 


phosphorus. | Laveissiére. 


T, and T, depend the most essential and 
characteristic differences : 





RATIOS. 
- 2 ait 

Figures. | Bronze Bronze Bronze 
\of Bourges|phosphorus) Laveissiére 











8.250 
8.667 
1.222 
5.595 
21.827 
47.00 
1.02 
51.10 
254.40 


7*,589X 10° 9.06 
8*,96110° 
1™,18210 

5*™, 290510! 

16*,715X10° 

36",510-" 
3",65<10- | 

129°, 2510" 

129*",252 10° 


177.00 
0.68 
7.20 

962.40 








| 
| 





11.210 
1.125 
6.306 

26.270 


1.20 
1.25 
0.96 
1.19 
1.57 
4.85 
0.15 
0.06 
7.45 


1.09 
0.99 
1.04 
1.06 
1.31 
1.29 
0.28 
0.39 | 
1.97 | 

i 


1 1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


| 
| 
| 
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At the limit of elasticity the elonga- 
tions vary little for the different bronzes, 
and the corresponding work is affected 
only by the slightly greater value of the 
corresponding resistance R, This work 
is estimated by taking the integral of the 
ig of the loads by the elongations. 

ring the entire period of elasticity, 
while the elongations are proportional to 
the loads, these quantities of work are 
easily estimated. Beyond this the work 
must be found by a quadrature of the 
curve, corresponding to the experimental 
results. 

When the metal is very homogeneous, 
the rods elongate under loads much 
greater than those corresponding to the 

imit of elasticity ; so that the work of 
rupture for the best bronzes is relatively 
large. 

En resumé: 1° The coefficients of 
elasticity E for the bronzes B, P, and L 
are proportional to 1.00, 1.09, 1.20. 
Hence the coefficient rises one-fifth in 
passing from the weaker to the stronger 

ronze. 

2° The bronzes B and P have the same 
limit of elasticity. That of the metal L 
exceeds this value by about one-fourth. 

3° The elongations corresponding to 
this limit are proportional to 1.00, 1.04, 
0.96 ; i.e, the elongation corresponding 
to the limit of elasticity is almost the 
same. 

4° The work necessary to bring them 
to this limit varies from 1.00 to 1.06 and 
1.19 ; the same ratios as for elasticity. 
From these points of view the phosphorus 
bronze is better than the ordinary ; the 
Laveissiére bronze is decidedly superior 
to the others. 

5° This is still more obvious in regard 
to rupture, for the coefficients are : 


R, a, 
a 1.00 1.00 
iihd, eee 1.31 1.29 
ess sanaes 1.57 4.85 


The superiority of L is due to its great 
homogeneity. 

6° The two last values, 7,, and T,,, are in 
inverse order ; since for each charge of 
16 kilogrammetres per square millimetre, 
which suffices to rupture ordinary 
bronze, the others are not even brought 
to their period of striction ; the deforma- 
tions being very slight. 

In the publication of these results, it 
is not our object to advocate any mode of 
fabrication ; but we confine ourselves to 
a statement of the following conclu- 
sions : 

Bronze in general is not sufficiently 
homogeneous to warrant any one mode 
of experimentation alone, in the deter- 
mination of its properties. 

In experiments it is best to operate on 
bars of dimensions equal in length and 
diameter, and to estimate breaking 
elongations only by direct experiment, 
without reduction to the metre; since 
the deformations cannot be assumed to 
follow any law of direct proportion. 

Finally there are commercial bronzes 
more homogeneous, resistant, and elastic 
than those made by the government ; for 
they suffer less deformation under a load 
and obtain a quintuple elongation be- 
fore rupture ; and seven times as much 
work is required to break them. We 
infer that industries are perfected under 
the stimulus of personal responsibility 
and interest ; and it is a matter of con- 

twation that the Direction of Artillery 
ave decided to study in the foundries 





the best processes of fabrication. 





Tue first annual meeting of the Amer- 
ican Metrological Society was held De- 
cember 29, “President F. A. P. Bar- 
nard, LL.D., in the chair. Resolutions 
were passed approving the plan to se- 
cure a general adoption of the metric 
measures and weights in different profes- 
sions, after July 4, 1876. Also that the 
Society recommend the putting up of a 
standard yard and metre in the various 





State capitals, under the standard to be 


made by the Bureau of Weights and 
Measures of the United States. The fol- 
lowing officers were elected for the ensu- 
ing year: President, F. A. P. Barnard, 
LL.D.; Vice-President, the Hon. John 
A. Kasson; Recording Secretary, Prof. 
C. G. Rockwood ; Corresponding Secre- 
tary, S. D. Tillman, LL.D.; Treasurer, 
Prof. R. W. Raymond. 
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GASES IN COAL MINES. 





ON THE GASES MET WITH 


IN COAL MINES, AND THE 


GENERAL PRINCIPLES OF VENTILATION. 


By J. J. ATKINSON.* 


Tue following remarks were written in 
the hope that some or other of them 
might prove of service in conveying to 
the merely epee miner a general 
knowledge of the laws and principles of 
ventilation, as applied to mines, and of 
the nature and properties, chemical and 
physical, of our atmosphere, as well as 
of those of some of the gases most fre- 
quently encountered in coal mines. They 
were not intended to have been commu- 
nicated to this or any similar institution, 
or they would, in all probability, not on- 
ly have been put into somewhat different 
language, but would also have placed 
some of the matters to which they refer 
in a more purely scientific point of view. 
But, after all, such an alteration would, 
perhaps, have rendered them less useful 
than it is hoped they may prove to the 
particular class of persons for whom they 
were written, such as underviewers, over- 
men, deputy-overmen, and even work- 
men who may wish to fit themselves for 
assuming any of these offices; and, at 
the request of my colleague, your pre- 
sent President, I venture to submit them 
to your notice. 

A variety of gases is given off by the 
coal and other minerals met with in coal 
mines; a further supply of gases arises 
from the breathing of men and animals, 
and from the burning of candles and 
lamps, as well as from the explosion of 
the powder used for blasting the coal and 
stone in the mines. The whole of these 
gases are capable of causing the death 
of men and animals breathing them in 
their pure and undiluted state, and some 
of them require to be mixed with many 
times their own volume of air before the 
mixture they form with it can be breathed, 
for any great length of time, with safety. 

Some of the gases given off in coal 
mines, when mixed with certain propor- 
tions of air, form violently explosive mix- 
tures. Such a mixture of air and gas, on 
being ignited by a naked candle or other 
flame, suddenly explodes and becomes 


*An Essay read before the Manchester Geological 
Society, by J. J. Atkinson, Government Inspector of 


es. 
Vor. XIL—No, 1—2 








one mass of living flame, scorching and 
burning everything that may happen to 
be in contact with it. Such an explosion, 
in general, also creates a complete hurri- 
cane, or tornado, of immense force and 
violence, tearing and driving all before it 
—knocking down the masonry erected 
for the guidance of the ventilation, as: 
well as the props and timber erected to 
support the roof of the mine, which falls 
in great masses, causing bodily injury or 
death to those it may fall upon, and often 
enclosing and imprisoning those who, be- 
ing unhurt by its fall, are left stunned by 
the concussion, more or less scorched by 
the flames, and, without lights, shut up to 
breathe the deleterious atmosphere pro- 
duced by the explosion. The flames of 
such an explosion being extinguished, and 
its violence exhausted, there remains an 
atmosphere so hot, and so charged with 
noxious gases and steam, as to cause 
the death of all who are left alive to in- 
hale or breathe it. This resulting atmos- 
phere is generally termed a/fter-dump. 

The grand object of the ventilation of 
mines is to cause such a current of air 
constantly to circulate through them as 
shall, by mixing with and diluting the 
gases, render them harmless, and, in that 
state, carry them off as quickly as they 
are produced in the mines. It is here 
proposed, in the first instance, to remark 
upon the chemical composition of the air 
we breathe; then upon that of a few of 
the most important gases met with in coal 
mines, and afterwards to notice some of 
the leading principles of ventilation, by 
taking advantage of which we get rid of 
the gases as fast as they are given off in 
mines, 

ATMOSPHERIC AIR. 


Air is, almost entirely, a mixture of two 
gases, oxygen and nitrogen; carbonic 
acid is also present in limited but vari- 
able proportions, forming on an average 
about 1 part to 2,500 parts of our atmos- 


phere. Besides oxygen, nitrogen, and a 
trace of carbonic acid gas in the atmos- 
phere, there is always more or less of 
watery vapor diffused through the gases 
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of whivh it is composed; but this vapor 
is variable in amount, is not considered 
as forming a constituent part of the at- 
mosphere, and is therefore not embraced 
in statements as to the chemical compo- 
sition of air; yet its effects are of the 
highest importance, both in the general 
economy of nature, and also in consider- 
ations relative to the ventilation of mines. 
Dry air is chemically composed of 


By Volume, 
79 per cent. 
ae ee 


Nitrogen Gas 
Oxygen Gas 


100 


A cubic fost of air at the temperature of 
melting ice (32°), and under pressure of 
14.7 lbs. per square inch, or 2,116.8 Ibs. 
per square foot, weighs 0.080728 Ibs. ; so 
that under the same conditions 1,000 cubic 
feet weigh 80,728 Ibs. avoirdupois. 


NITROGEN GAS. 


Nitrogen gas is rather lighter than air 
taken in equal volumes, at the same tem- 

rature, and under the same pressure. 

he specific gravity of air being taken as 
1,000, that of nitrogeng as is only 971.37, 
80 that the weight of 1,000 cubic feet of 
air being 80.728 Ibs., that of 1,000 cubic 
feet of nitrogen is only 78.416 lbs. at the 
temperature (32°) of melting ice, and un- 
-der the pressure of the atmosphere, taken 
-at 14.7 ibs. per square inch, or 2,116.8 Ibs. 
per square foot. A cubic foot of nitro- 
gen; under the same conditions of tem- 
perature and pressure, weighs 0,078- 
4167 lbs., and a cubic foot of air 0,080- 
‘728 lbs., as before stated. 

Nitrogen gas has neither color, taste, 
‘nor smell, and so far it is like air itself. 
It will not support life, but causes death 
when breathed. It will not support com- 
bustion, but extinguishes lights. This 
gas has very little chemical or or at- 
traction for other bodies; its chemical 
properties are rather those of indifference 
than of activity; its position amongst 
gases, in generil, being almost like that 
of water amongst liquids, asit serves to 
render their properties less active. It di- 
lutes the oxygen of the atmosphere, 
which could not long be breathed with- 
out being diluted with nitrogen. Nitro- 
gen is, however, probably the best part 
ot manures forland; and it is a compo- 
nent part of nitrous oxide or laughing gas, 
of ammonia, and of nitric acid, or aqua- 


fortis, as well as of many other com- 
pounds, 
OXYGEN GAS. 

Oxygen gas, as has been stated, forms 
about 21 parts by volume, or 23 parts by 
weight out of every 100 parts of air, be- 
ing rather more than one-fifth part. The 
specific gravity of air being taken as 
1,000, that of oxygen gas is 1,105.63; 
1,000 cubic feet of air at 32°, and under a 
pressure of 14.7 lbs. per square inch, 
weigh 80.728 lbs.; 1,000 cubic feet of oxy- 
gen gas, under the same conditions, 
weigh 89.255 Ibs.; so that this gas is 
rather heavier than an equal volume of 
air. Oxygen gas has neither color, 
taste, nor smell, This gas, in a free and 
uncombined state, is essential to life; we 
must breathe it in this state or die; in its 
undiluted state, it is not fit to breathe be- 
yond a very short time. In our atmos- 
phere it is fitted to sustain life by dilu- 
tion or mixture with nitrogen gas. Che- 
mical compounds in the gaseous form may 
contain large proportions of oxygen and 
yet be unfit for respiration or breathing ; 
to be suited for this purpose, the oxygen 
must be free and uncombined, and at the 
same time diluted. 

Oxygen is the most abundant substance 
in nature, and constitutes at least one- 
third of the solid mass of the earth—23 
per cent. of air and 89 per cent. of water. 
Oxygen has strong affinities, and com- 
bines with all known substances except 
Jluorine. Tt forms, with other substan- 
ces, no less than 136 inorganic com- 
pounds, and it would be difficult to say 
how many organic ones. This gas is the 
great supporter of combustion. Substan- 
ces that burn in air burn much more vi- 
vidly in pure oxygen, showing that the 
oxygen in the air is the supporter of 
combustion. Iron wire will burn in oxy- 
gen, but not in air: and this is also the 
case with other metals in a finely divided 
state. When, by breathing, we inhale 
air into our lungs, a part of the oxygen 
it contains combines with carbon, and we 
exhale or breathe out, as the result, an 
equal quantity, by volume, of carbonic 
acid gas, and, consequently, liberate about 
3, times as great a volume of free nitro- 
gen gas. 

Having glanced at the chemical con- 
stitution of the atmosphere, let us next 
consider that of the principal gases met 





with in coal mining. 
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CARBONIC ACID GAS, 


When this gas is met with in coal 
mines it is often called stythe, choke- 
dimp, or blackdamp. It is composed of 
oxygen and carbon. We have already 
considered the nature of oxygen as a 
component part of the atmosphere, but 
we must not expect to find it show the 
same properties when chemically com- 
bined either with carbon or any other 
substance whatever. Carbon, the other 
part of choke-damp, forms the chief in- 
gredient in coal; and coke contains a still 
larger proportion of this substance: but 
the diamond is pure carbon, in a crystal- 
line state. The chemical composition of 
carbonic acid gas is— 

By Atoms. By Weight. By Volume. 
--- 72.73 per cent...... 1 
ae ee 
100.00 1 condens’d. 


Now, although this gas contains nearly 
8 parts out of 4, by weight, of oxygen 
(the life-supporting element), yet, because 
it is combined with another substance 
(carbon), the result is, in this case, a poi- 
sonous gas. It is dangerous to life to 
breathe air containing 8 per cent., or one- 
twelfth of this gas. Lights are extin- 
guished in air containing 10 per cent., or 
one-tenth of it. At 32°, under a pres- 
sure of 14,7 lbs. per square inch, 1,000 
cubic feet of air weigh 80.728 lbs., and 
1,000 cubic feet of carbonic acid gas weigh 
123.353 lbs., so that it is rather more 
than 4 times as heavy as an equal vol- 
ume of air. The specific gravity of air 
being 1,000, that of carbonic acid gas is 
1,528.01. Before being mixed with air it 
rests next to the “thill,’ or floor, of 
mines, owing to its great heaviness or 
density when compared with air. This 
gas, besides being given off naturally in 
many mines, is always found to result 
from the breathing of men and animals, 
the burning of candles and lamps, and, 
mixed with other gases, from the explo- 


sion of the powder used in blasting. | 


Near the mouth of an adit or drift at 
Butterknowle Colliery, in the County of 
Durham, the writer has seen several small 
birds lying dead from the effects of this 
gas. ‘They had come to feed upon 
crumbs where the workmen ate their 





* Bunsen assumes the hypothetical volume of carbon at 
one-half of that assumed here ; but as he gives its density 
— the value here given to it, the results are not al- 


meals, close to the mouth of this, an aban- 
doned drift, and the gas coming out of 
the drift at the level of the ground had 
overcome them. At the same colliery, in 
several places where the coal has been 
worked away, the ground has been rent 
up to the surface, and itis said that birds 
flying across these rents or pitfalls, in 
some instances, are so quickly affected by 
the escaping gas as to drop into the holes 
and die there. Without disputing the 
fact of dead birds being found in the 
holes, the reason assigned as the cause of 
their coming there appears to be rather 
doubtful. The effect of the gas is not, 
perhaps, so instantaneous as to account 
for it. Unfortunately, birds are not the 
only sufferers from this gas, for many 
human beings have met their deaths 
through breathing it; andin many other 
cases injurious effects are produced on the 
health of workmen through the mixture 
of this gas, in small proportions, with the 
air of mines. 

Limestone consists of carbonic acid and 
lime, and chalk is of a similar composi- 
tion; these ingredients, however, being 
generally mixed with oxide of iron, mag- 
pesia, and other substances in less but 
variable proportions. 


PROTO-CARBURETTED HYDROGEN GAS, 


LIGHT CARBURETTED HYDROGEN GAS, OR, AS IT IS SOME- 
TIMES CALLED, MARSH GAS. 


This gas is the fire-damp of mines. It 
contains one atom of carbon combined 
with two atoms of hydrogen, or some 


multiple of these. Taking the atomic 
volumes of carbon and hydrogen to be 
the same, it contains one volume of car- 
bon combined with two volumes of hydro- 
gen—in all three volumes—but the three 
volumes are condensed into one volume 
of fire-damp. The weight of air at the 
|temperature of melting ice (32°), and 


| 14.7 lbs. per square inch pressure, is, for 
| 1,000 cubic feet, 80.728 lbs. ; that of 1,000 
| cubic feet of gas, under the same condi- 
| tions, is 45.368 lbs., so that the specific 
gravity of this gas is 562*, that of air be- 
ing 1,000, it bemg rather more than half 
|as heavy as an equal volume of air under 
| the same conditions. Owing to the fire- 
damp of mines being lighter than air, it 
lodges next the top or roof in mines, 
until, by diffusion, it gets quite mixed 
with the air. This gas would soon cause 


~~ ® Professor Bunsen gives the specific gravity of marsh 
gas at .55314, that of air being 1. 
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death if breathed in a pure and undi- 
luted state ; but, when mixed with twice 
its own volume of air, it may be breathed 
for some time without serious effects. It 
quickly extinguishes lamps or candles 
when unmixed with air. Fire-damp, or 
light carburetted hydrogen, contains 
nearly 25 per cent., by weight, of hydro- 
gen. Hydrogen is the lightest known 
gas, being only one-fourteenth part of the 
weight of air. The hydrogen in fire- 
damp is, however, condensed into a 
smaller volume than it occupies in a free 
state. Light carburetted hydrogen gas 
is chemically composed of— 


By Atoms, By Weight. By Volume. 
Hydrogen ... 2 ... 24.6 percent. ... 2 
Carbon Pa - 75.4 = soo 8 


oe 1 condens’d. 


1 100 


In the fire-damp of mines, however, we 
find a small proportion of other gases 
mixed with it. When 1 part of fire-damp 
is mixed with 30 parts of air, by volume, 
its presence can be detected by the ap- 
pearance of the flame of a candle ; and 
as the quantity of fire-damp is gradually 
increased from 1 up to 2 parts in 30 of the 
air, the appearance of the flame is more 
and more affected by it; but even in the lat- 
ter proportion the mixture will not ex- 
plode. The flame of the candle is sur- 
mounted by a pale blue halo, called in 
mining language a “ top,” or “cap,” which 
partakes more or less of a brown color, ac- 
cording to the quantity of stythe, or car- 
bonic acid gas, that may be present along 
with the fire-damp. The examination of 
the flame, forthe purpose of forming a 
judgment as to the quantity of fire-damp 





mixed with the air, in mines, is, in mining 


dialect, called “trying the candle,” or “ try- 
ing the lamp.” When the fire-damp forms 
as much as 1 part out of 13 of the air, 
the mixture becomes explosive, so that, if 
ignited by an exposed flame, the whole 
of the mixture is converted into a mass 
of flame ; in this state of the mixture, 
however, the force of the explosion is 
comparatively feeble. When there is only 
9 to 10 times as much air as fire-damp, 
the explosive force is greatest. If the 
proportion of gas be greater than 1 part 
out of 9to 10 of air, by volume, the force 
of explosion gradually becomes less and 
less, until there is only five times* as 
much air as gas, when the mixture will 
no longer explode, but, on the contrary, 
will extinguish the flames of candles or 
lamps that may be brought into it. 

The presence of carbonic acid gas, or 
of free nitrogen gas, in mixtures of fire- 
damp and air, is found to lessen their 
explosive force ; so that if we add to the 
most explosive mixture one-seventh part 
of its volume of carbonic acid gas, it 
will not explode at all. Air containing 
one-fourth part of fire-damp, by volume, 
may be breathed for some time without 
very serious effects being produced on 
the animal frame. Common coal gas, as 
used for lighting, contains a large pro- 
portion of light carburetted hydrogen 
gas—the fire-damp of mines. Besides 
this, however, it contains a considerable 
proportion of pure hydrogen, some car- 
bonic oxide, and some olefiant gas. 

When a mixture of air and fire-damp 
is exploded, the chemical changes that 
take place, and the nature of the result- 
ing mixture, or after-damp, are as fol- 
lows : 


MIXTURE BEFORE EXPLOSION. 


By Atoms, 


No. of 
Atoms. per Atom. 


Nitrogen 


nual 


By Measure. 


Relative 
Volume Combined Volume 


Volume. percent. 


Uncombined 
Volume. 
4 
14.8 
2 
4 


24.8 


18.8 90.385 


Hi Ul 


2 9.615 


20.8 100.000 





* «*Even when mixed with three or nearly four times 
ite bulk of air it burnt quietly in the ——, and ex- 
eda r.”? ** When mixed with between 5 and 

6 times its volume of air it exploded feebly.” “ It ex- 
loded with most energy when mixed with 7 or 8 times 
ite volume of air, and mixtures of fire-damp and air re- 


tained their explosive power when the proportions were 
1 of gasto 14 of air. 10f carbonic acid added to 7, or 1 of 
nitrogen added to 6 parts of explosive mixture rendered 
them inexplosive.”"—From the Collected Works of Sir H. 
Davy, page 10, Vol. VJ., 1840. 
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MIXTURE AFTER EXPLOSION. 


By Atoms, 
Relative 
Volume 
. per Atom. 


2 


By Measure. 


Combined Volume 
Volume. per cent. 


14.8 71.2 
2 9.6 


Uncombined 
Volume. 


14.8 
2 
2 
4 
2 


24.8 100.0 


Before explosion, there may happen to twice its own volume of deleterious gases, 
be present either an excess of air or of or the explosion could not have taken 
fire-damp, beyond what is necessary to place; such a mixture, if breathed, 
cause the explosion ; and if so, they will would soon cause death. Since explo- 
remain mixed with the after-damp, in an sions cannot always be prevented, how 
unchanged state, after the explosion has important it is, then, to be prepared to 
taken place. There never can, however, ' mix and dilute the after-damp with fresh 
be such an excess of air present as to air, in as speedy a manner as possible, 
render the after-damp fit to breathe, or after their occurrence. If there is more 
the explosion could not take place; the fire-damp present than is chemically 
limits are such that this is impossible. | changed by an explosion, the force of the 
The above proportions of 1 of fire-damp | explosion itself is lessened, but the after- 
to 9.4 of air form the most explosive damp resulting is more deadly than if an 
mixture, all other proportions forming; excess of air had been present at the 


Free Nitrogen 
Carbonic Acid 


2 
1 


Hi Witt 


Hydrogen 


Oxygen 4 


19.2 


20.8 


less explosive mixtures. 

From the second table, we perceive; 
that the after-damp contains between 
seven and eight times as much free nitro- 
gen as carbonic acid gas, or choke-damp. 
It was, at one time, a popular mistake to | 
suppose that the injurious part of the, 
after-damp consisted only of carbonic | 
acid gas, or choke-damp—not amongst! 
scientific chemists, but amongst respect- | 
able mining authorities—and that, not 
very long ago. After-damp, it may be 
seen, by the second table, contains about 
71 parts of free nitrogen, 94 parts of| 
carbonic acid gas, and at the moment of 
explosion, 19 parts of steam ; so that it; 
may be said, at this stage, that after- 
damp contains, in round numbers, seven 
parts of nitrogen, one part of carbonic 
acid gas, and two parts of steam, out of 
a total of 10 parts. Directly after the 
~explosion, 4 large part of the steam con- 
-denses and leaves, as a residuum, about 
74 parts of nitrogen and one part of car- 
bonic acid gas, out of eight and one-half 
parts ; the whole unfit to breathe, and 
incapable of supporting either life or 
combustion. A small excess of air, or of | 
fire-damp, might be left mixed with the; 
after-damp of an explosion, beyond what 
is noticed in the tables as being chemi- 
-cally changed ; but in no case could the | 
-air of the after-damp contain less than' 





time of explosion. 


CARBONIC OXIDE. 


This gas is sometimes called white- 
damp, when met with in mines. Assum- 
ing, as before, that the atomic volume of 
carbon is twice as great as that of oxygen, 
its composition is as follows : 

By Atoms. ad ee By Volume. 


Oxygen .... 1 
Carbon es 1 cose 1 


1 100 1 condensed. 


Its specific gravity is 975.195, that of *air 
being assumed at 1,000; so that 1,000 
cubic feet of air at 32°, and under a 
pressure of 14.7 lbs. per square inch, 
weighing 80.728 lbs., an equal volume of 
this gas under the same conditions will 
weigh 79.426 lbs., and one cubic foot un- 
der the same conditions will, therefore, 
have a weight of .079426 lbs. 

Carbonic oxide has a much more dele- 
terious effect on the animal economy 
than carbonic acid ; air which contains 
only one per cent. of carbonic oxide al- 
most immediately causes the death of 
warm-blooded animals, as has been 
shown by the decisive experiments of M. 
Felix Leblanc. Carbonic oxide is itself 
an inflammable gas, but does not support 
the combustion of other bodies. It has 
no taste, but has a peculiar odor. 
Small animals immersed in it die instant- 


43.31 ..0e 
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ly. When inhaled, it produces giddiness 
and fainting fits, even when mixed with 
a fourth of its bulk of air. It is easily 
kindled, and burns with a blue flame, be- 
ing transformed into carbonic acid by 
the process. The carbonic acid formed 
by combustion at the bottom of a coal, 
coke, or charcoal fire is sometimes con- 
verted into carbonic oxide, by being de- 
prived of a part of its oxygen, as it 
asses upwards through the red-hot em- 
rs; and, on coming into contact with 
the air, at the top of the fire, burns there, 
with a blue flame, and is again converted 
into carbonic acid gas. This gas is, per- 
haps, never found in coal mines except as 
the result of the explosion of gunpowder, 
or the combustion of coal or wood. Car- 
bonic oxide is obtainable in a state of 
purity by heating yellow ferro-cyanide of 
tassium with eight or ten times its 
weight of oil of vitriol. Bunsen obtained 
it by slightly heating a mixture of formic 
and sulphuric acids ; and to ensure the 
perfect purity of the gas, he passed it 
through a concentrated solution of caus- 
tic potash. Such a proportion of this 
gas might be mixed with air as to form 
a@ mixture in which candles or lamps 
would burn, while life would become ex- 
tinct; and it is probable that many 
deaths in mines have resulted from this 
gas, in situations where the lights have 
continued to burn. 

It appears to be very probable that 
the deaths of the men and boys in the 
late accident at Hartley Colliery arose in 
a great measure from this gas given off 
by the furnace, after the stoppage of the 
air-current by the closing of the shaft ; 
inasmuch as the lights used by the work- 
men engaged in clearing the shaft ap- 
peared to be rather increased in brilliancy 
than otherwise at the time when the 
worst effects were felt from the escaping 
gas ; and the mine gave off no fire-damp 
and very little choke-damp. 

At page 120, in the minutes of evi- 
dence taken before a Select Committee of 
the House of Commons, on accidents in 
mines, in 1835, the late George Stephen- 
son, in reply to question 1853, gives an 
account of an accident at Newbottle 
Colliery, by which several persons lost 
their lives by a gas in which the lights 
burnt well, and which the witness sup- 
posed to have been sulphuretted hydro- 
en gas; but it appears to be more prob- 





able that it was a mixture of carbonie- 
oxide, sulphurous acid, and a small 
quantity of carbonic acid gases, gener- 
ated by the explosion of gunpowder in 
the drift, where it was found to prevail ; 
because sulphuretted hydrogen gas has 
a particularly offensive smell, of which 
no mention is made in the account of the 
accident. 

The writer is acquainted with several 
instances where gases have caused deaths, 
and with others where they have caused 
severe indisposition, in places where can- 
dles continued to burn brightly ; in some 
of these cases, the gases were apparently 
produced by the explosion of gunpowder, 
and in others, by the combustion of coals; 
and hence it appears to be probable that 
carbonic oxide was a prominent ingredi- 
ent in them. In an experiment by M. 
Leblanc, a large-sized dog was asphyxiat- 
ed in an atmosphere which contained 4 per 
cent. of carbonic acid, and only 4 per 
cent. of carbonic oxide. 


HYDRO-SULPHURIC ACID, OR SULPHURET- 
TED HYDROGEN. 


This gas is sometimes met with in coal 
mines. It is colorless, but distinguishable 
by its unpleasant smell, which resembles 
that of rotten eggs. It produces fainting 
fits and asphyxia, if inhaled, even when 
present ode in very small proportions 
with atmospheric air. When inhaled, in 
its pure state, it acts asa powerful nar- 
cotic poison. It does not support combus- 
tion, but is itself inflammable, and burns 
when exposed to a supply of air and ignit- 
ed; and, when mixed with oxygen gas, 
the mixture is explosive. It reddens 
tincture of litmus, but the reddening dis- 
appears on exposure to the air. 

The composition of sulphuretted hydro- 
gen is as follows: 

By Atoms. By Weight. By Volume, 
Sulphur........ Leacainsesonnas OO 1-6th 
Hydrogen..... Lecccccee sscces B.BB.... .cccccces 


1 


160 


1 
1 


According to Bunsen, the specific 
gravity of this gas is 1,174.88; that of air 
being assumed at 1,000, under the same 
conditions as to temperature and pressure. 
Sulphur heated strongly and repeatedly 
sublimed in fire-damp freed from oxygen 
by phosphorus, produced a considerable 
enlargement of its volume, sulphuretted 
hydrogen was formed, and charcoal pre- 
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cipitated ; the volume of sulphuretted 
hydrogen cape (ascertained by ab- 
sorbing it by solution of potassa) was ex- 
actly double that of the fire-damp de- 
composed. 

Sulphuretted hydrogen gas may be in- 
flamed by charcoal or iron, even at a low 
red heat. In air it burns with a blue} 
flame, forming water and sulphurous acid, | 
and depositing sulphur. According to} 
some authorities, 1-1500th part of this 
gas in air is instantly fatal to small birds, 
1-1000th killed a middle-sized dog, and a 
horse died in an atmosphere that con-| 
tained 1-250th part of its volume. The! 
presence of sulphuretted hydrogen gas in| 
the atmosphere, even in small propor- 
tions, can be detected by its action upon | 
moist carbonate of lead, spread upon | 
white paper, which it blackens. M. | 
Parent Duchatelet observed that work- 
men breathed with impunity in an atmos- 
phere containing 1 per cent. of sulphur- 
etted hydrogen, and he states that he 
himself respired air containing as much 
as 3 per cent. of the gas, without experi- 
encing any serious results. This gas is 
formed whenever sulphur in a very com- 
minuted form is brought into contact 
with hydrogen in the act of being given | 
off, and is probably formed, to some ex-| 
tent, where pyrites is undergoing decom- | 
position in mines. When this gas is pres- | 
ent with the air, in mines, candles will | 
burn in the mixture, so that, if it is not | 
detected by its odor, it may prove fatal | 
to life before its presence is detected. 

It appears to be probable that this gas | 
is frequently formed in old unventilated 
workings partly filled with water. There | 
are two instances mentioned by Mr. | 
Nicholas Wood, in his evidence before 
the Committee of the House of Commons | 
on accidents in mines, in 1853—one at} 








along with about 66% per cent. of the air 
he breathes, in an unchanged state. The 
largest lamp used in mining converts less 
oxygen into carbonic acid gas than a 
workman. Both give off water vapor 
as well as carbonic acid gas. When coal 
is on fire, it gives off, in burning, carbon- 
ic acid, carbonic oxide, and sulphurous 
acid gases, The explosion of gunpowder 
gives rise to carbonic acid, nitrogen, car- 
bonic oxide, and steam, besides carburet- 
ted and sulphuretted hydrogen in small 
proportions. In the ordinary course of 
mining, these causes give rise to so small 
a quantity of gas, in proportion to the 
air, that they hardly belong to the sub- 
ject in hand, unless in reference to the 


| state of a confined and unventilated part 


of a mine, where a shot has been fired, or 
in the more rare case, of coal being on 
fire in a mine. 

Sir Humphrey Davy discovered that 
the flame of ignited gas would not pass 
through fine wire gauze, containing 28 
holes for each inch in length, or 784 holes 
per square inch, unless the gas is moved 
with great velocity against the gauze, or 
the gauze against the gas; and by en- 
closing the flame of an oil lamp in a eage 
made of this gauze, we are able to carry 
a light into an explosive mixture of air 
and gas without setting the gas on fire on 
the outside of the gauze; by this means 
an explosion is avoided. If we find our- 
selves with a safety-lamp in an explosive 
atmosphere, we should only try to put 


out the flame by carefully drawing down 


the wick, and by no means try to blow it 
out, or we might blow the flame through 
the gauze, and cause an explosion, An 
explosion might result from drawing the 
flame of the lamp through the gauze by 
means of a tobacco pipe; yet workmen 
are not unfrequently detected in this very 


Hartley Colliery, which proved fatal to | daring and dangerous practice in mines. 
one person, and another at Tyne Main | Outside-feeding, or oil-tubes, used to be 
Colliery, where ill-effects were felt, not-| attached to satety-lamps, but these are 
withstanding that the lights burnt well; | dangerous, as the flame might pass down 
both of which, in all likelihood, were due | the wick tube, and up the oil tube, and 
to the generation of this gas from the ac- | so fire the gas on the outside of the lamp, 
tion of the water upon pyrites in old | if the oil-plug was out or fitted badly, 
workings. ;and the wick was small compared with 

A man breathes into his lungs about ‘the tube; but feeding tubes are not used 
one-fifth of a cubic foot of air per minute, | now, at least in many districts. There 
and converts about seven per cent. (by|are several sorts of safety-lamps now 
volume) of this into carbonic acid gas, | more or less used, which give more light 
which, with about three and three-quarter | than the Davy-lamp; glass being used 
times as much free: nitrogen, he exhales, | in lieu of gauze opposite the flame. Glass 





24 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





is brittle, and liable to crack from un- 
equal expansion, and many persons do 
not think glass lamps so safe as the Davy, 
in consequence. The late George Stephen- 
son contrived a safety-lamp, having both 
glass and gauze around the flame, known 
as the Geordy, or Stephenson lamp. The 
Davy lamp is perhaps the best known 
lamp for detecting the presence of a small 
mixture of fire-damp in the air of a mine. 
Now since fire-damp, choke-damp, and 
other gases are met with, in more or less 
abundance, in all coal-mines, it becomes 
an important question as to how the bad 
and » fatal effects they are likely to 
ang if not properly dealt with, may 
est be avoided. To this end it has 
sometimes been proposed to get them 
to combine chemically with some sub- 
stance to be presented to them as they 
are given off; and only a short time ago 
a Mr. Wall had a proposition of this kind 
hefore the public. So far, however, the 
best mode of dealing with them — 
- to be to dilute them with very large 
quantities of fresh air, and to sweep them 
out of the mine by an energetic ventila- 
‘tion, as fast as they are given off or gen- 
erated. After all, however, the natural 
laws and principles, operating in the pro- 
duction of ventilation in mines, have been 
Jess generally studied in England than on 
the Continent ; and from this cause many 
mistakes have been made in the prac- 
tice of ventilation in this country. New 
arrangements for the ventilation of mines 
have sometimes been made at great cost, 
and have not been found to answer when 
completed. In a few cases, lives have 
been lost from this cause; in others, an 
inferior arrangement and ventilation have 
been produced, where, by the application 
of these natural principles, a superior one 
might have been obtained at the same or 
even at a smaller cost. Many, if not all 
the members of this Society, are familiar 
with the details of the general practice of 
ventilation as pursued in this country. 
Instead, therefore, of considering this part 
of the subject, it is here proposed rather 
to direct attention to the natural laws and 
principles affecting the ventilation of 
mines, 


NATURAL LAWS AND PRINCIPLES AFFECT- 
ING THE VENTILATION OF MINES, 


As an introduction to the general laws 
and principles affecting the ventilation of 


| 
| 





mines, let us notice some of the general 
physical properties of air and gases. The 
world on the surface of which we live is 
a large globe, about 8,000 miles in diam- 
eter, and 25,000 miles in circumference. 
This great globe is surrounded by, and en- 
closed in, an atmosphere of air many miles 
in depth ; so that the surface of the earth, 
where we live, is the bottom of a deep 
sea, or ocean of air. Air is composed of 
the two gases, oxygen and nitrogen, in 
the proportions that have been named, 
Air and all gases have the following 
physical properties: They are impene- 
trable. If any space be filled with air, 
no other material body can occupy 
the same space without first displacing 
the air, because no two material bodies 
can be in the same place at the same time. 
Two gases, or a gas and a vapor, may fill 
the same space (in a certain sense), by 
being mixed with each other, in the same 
manner that a sponge will hold water, 
but each gas or vapor must leave spaces 
vacant for the other to occupy or fill. 
Air and gases are possessed of the pro- 
perty called imertia. With respect to 
motion and rest, air, gases, and indeed all 
kinds of matter, are said to be inert, so 
that they will remain either at rest or in 
the same state of motion, until acted upon 
by some force or resistance. This pro- 
perty merely implies what may be termed 
a negative quality, of such a character as 
to have the effect of causing matter not 
to change its state, whether of motion or 
of rest, without some force or resistance 
being applied to it to cause it to do so. 
Owing to the property of inertia, a body 
will remain either at rest or in the same 
state of motion, both as to speed and di- 
rection, in spite of any forces or pressures 
that may be acting upon it, provided they 
are equal and opposite forces, so as to 
counterbalance each other. This is the 
state of the atmosphere in a calm: there 
is always a pressure in every direction, 
up, down, sideways, diagonally, and in 
fact in every direction, in the air of the 
atmosphere. This pressure arises from 
the mere weight of the superincumbent 
air, and amounts, generally, to nearly one 
ton on each square foot, or 14 Ibs. and up- 
wards per square inch. If the pressure 
is lessened on one side, the ordinary 
pressure upon the opposite side drives the 
air towards the side where the pressure 
is reduced, and gives rise toa wind. If 
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the pressure is increased on any side, the 
air is driven away to the opposite side, 
against the ordinary pressure. Air in 
motion cannot properly be said to have 
any more pressure or tension than the 
still air through which it moves. What 
would otherwise be extra pressure is real- 
ly converted into motion in the air. Any 
excess of pressure really existing is simply 
that due to the friction which the air en- 





space, and so on, —— that the heat 
or temperature of the air remains the 
same. This is called the law of Mar- 
iotte, or Boyle. The air at the surface of 
the earth is generally pressed by the 
whole of the air above it, to an extent 
measured by 29.922 inches of mercury 
(reckoned at the density due to melting 
ice, 93°), as shown by our common baro- 
meters ; a pressure equal to 2,116.4 lbs. 


counters in moving. This is a fact not| per square foot. To give this pressure 
always understood, and not always ac-| we should require the air of the atmos- 
knowledged, even in works pretending | phere to be 26,216 feet high, if it was all 
to treat the subject upon scientific prin-|as heavy as the air at the earth’s surface. 
ciples. Force may be converted into The fact is, however, that the air, as we 
mere motion without at all increasing|go up,is pressed by less and less air 
the tension or spring of the air to which | above it; and owing to its elasticity, or 
it applied; if it does increase the pres-| spring, becomes lighter and lighter, so 
sure on the air, it is only to the extent of| that instead of 26,216 feet, or nearly five 
the resistance encountered. Air in mo-| miles high, the atmosphere is immensely 
tion is called “wind ;” and owing to its| higher. It gets so much thinner, rarer, 
inertia it will only lessen its speed by | or lighter, that at— 

meeting with fractional resistances, or 
by giving out its force to obstructions, 
such as the surface of the earth, houses, 
trees, wind mills, and other objects ; and 
in every case where power is taken out | 
of the wind, it is done at the expense of 
lessening its velocity. If, for instance,| And so on. If we carry a barometer up 
make the wind passing through | a hill, we have less and less air above us, 


334 miles above the surface of the earth it is— 
2 tim es rarer 

7 4 “ 
14 
24 
28 
35 


16 
64 
256 
1,024 





we should 
a mine drive a mill, we would thereby and its pressure will, therefore, support 
lessen the force and quantity of wind cir-| less and less height of column of mercury, 


culating in the mine, in a given time, if| and hence the barometer falls. If we take 
the pressure causing ventilation remained | it down into a mine, we get a longer col- 
constant. Railway trains, at high speed,| umn of air above us, and it supports a 
even in a calm, meet with a large share|longer column of mercury, so that the 
oftheir resistance from the air—the trains | barometer rises, In ordinary states of 
lose force, and the air gains what they the weather mercury is about 10,800 
lose. Owing to the inertia of the air,| times as heavy as the same volume of air 
birds meet with such a resisting medium | near the surface of the earth, and hence 
in it as to give them a fulcrum, or rest-| about 900 feet, or 150 fathoms, of ascent 
ing place, for their wings, and enable | or descent, makes a change of one inch of 
them to fly. This property of inertia be-| mercury in the height of the barometer. 


longs alike to all material bodies, and | 
may, in general terms, be called an un-| 
willingness to move, when at rest, or to 
change their speed or direction of motion 
when they are moving, without a force or 
resistance being applied to cause them to 
do so. Air is compressible. Air is 
squeezed and contracted into less and less 
bulk as we increase the pressure upon it. 
If we double the pressure (without chang- 
ing the temperature), the same air only 
fills one-half of the space; if we treble 
the pressure, it only fills one-third of the 
space; and if we apply four times the 
pressure, it only fills one-fourth of the 





This fact has been applied to measure the 
height of mountains by means of baro- 
meters, and it has sometimes been em- 
ployed to estimate the friction of air in 
shafts, The difference between the height 
of the barometer at the top and the bot- 
tom of a pit 150 fathoms, or 300 yards in 
depth, is about one inch of mercury. 

Air is elastic ; it is a perfect spring, so 
that whatever force compresses it is an 
exact measure of the force it will spring 
out with, if we tuke away the compressing 
force. The air, at the surface of the earth, 
is pressed at about 14.7 lbs. per square 
inch, and if we take half this pressure 
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off, it will swell out to twice its previous 
bulk ; if we take away three-fourths of 
this pressure, and only leave one-fourth, 
the same air will swell out and fill four 
times the space it previously occupied, 
and soon. Whatever force or power is 
expended in compressing air into less 
bounds, will be given out as force or 
power by the same air, in swelling out to 
its former volume, when we take away 
the pressure so applied. 

Air has weight, like all other material 
bodies. The weight of a vessel filled 
with air is greater than its weight when 
the air is pumped out of the vessel. A 
tall column of air, one foot square, and 
of the full height of the atmosphere, 
weighs nearly one ton. Another column 
of the same height, and one inch square, 
weighs rather more than fourteen pounds. 
The weight of the atmosphere enables it 
to support a column of water nearly 34 
feet high, or one of mercury nearly 
thirty inches high; and this pressure 
acts equally in all directions—up, down, 
sideways, and in fact, in every direction. 
The body of a man of average size is 

ressed by nearly thirteen tons weight 
om this cause. 

The direction, speed, and force of the 
wind depend upon the amount of the 
difference of pressure that gives rise to it, 
and, in general, has little or no connec- 
tion with the gross amount of the pressure 
acting in the direction of the wind ; be- 
cause a large share of that pressure is 
counterbalanced by an equal pressure, 
acting in the opposite direction. 

In the open air the velocity of the 
wind is the same as the velocity that a 
body would acquire by falling from the 
top to the bottom of such a column of 
air of equal density as, by its weight, 
would produce the same pressure as that 
which gives rise to the wind. For in- 
stance, if the state of the air, as to the 
temperature and pressure, is such that 
there is a pressure of 2,000 Ibs. (which is 
nearly a ton) on each square foot, in one 
direction ; and only 1,999 lbs. per foot, 
or one pound per foot less, in the opposite 
direction, when thirteen cubic feet of air 
weigh one pound, then the difference of 
pressure giving rise to the wind is equal 
to one pound per square foot; and a 
column of air, one foot in area and 
thirteen feet high, would weigh one 
amy But a body falling through a 

eight of thirteen feet, under the force of 





gravity, would acquire a velocity of 8.02 
times the square root of 13, or 28.9 feet 
per second ; and this is, therefore, the 
velocity of a wind in the open air, due to 
a pressure, or rather, to a difference of 
pressure of one pound per square foot, 
when the total pressure of the atmos- 
phere is nearly 2,000 lbs. per square foot, 
and thirteen cubic feet of air weigh one 
pound. If we wish to find the velocity 
of such a wind in the open air as is due 
to a known difference of pressure on each 
square foot, we have, first, to find how 
many cubic feet of the air is equal in 
weight to the difference of pressure on a 
square foot, which gives rise to the wind; 
and eight times the square root of this 
number is equal to the velocity of the 
wind, in feet per second. In like man- 
ner, if we would find the pressure giv- 
ing rise to a wind, when we know its 
velocity, we must square the velocity in 
feet per second, and divide the result by 
sixty-four and one-third, and the quotient 
will be the height in feet of an air column 
giving rise to the wind; this height be- 
ing divided by the number of cubic feet 
of air weighing one pound, will give the 
difference of pressure in pounds per 
square foot, giving rise to the velocity. 
This rule is merely the reverse of the 
former one. A difference of pressure of 
only one pound to the square foot, under 
the conditions before stated, gives rise to 
a wind in the open air, having a velocity 
of 28.8 feet per second, or more than 
nineteen miles per hour, which is nearly 
equal to the highest velocity of the air in 
the upeast shafts of coal mines. 

In practice, in the ventilation of mines, 
itis found to be necessary to employ a 
very much higher pressure than one 
pound to the square foot, in order to give 
rise to this velocity ; it is, indeed, in 
many instances, necessary to employ from 
ten to twenty pounds per square foot to 
do so, and this pressure is equal to the 
weight of an air column 130 to 260 feet. 
high, instead of only thirteen feet high 
as in the open air. It has been a very 
common mistake to consider that this dif- 
ference shows a discrepancy between 
theory and practice ; it shows no such 
thing. The true theory of any subject 
embraces in its grasp all the causes that 
operate, and can never fail to agree with 
practice—if it is really the true and com- 
plete theory. Theory, indeed, is a col- 
lection of general principles, gleaned or 
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generalized from observation of the re- 
sult of practical trials or experiments ; 
and it is either a false or an incomplete 
theory that does not embrace the whole 
of the general principles involved in any 
henomenon we may observe. It would 
true, and therefore much more be- 
coming, in such cases, to say that we do 
not understand the true theory, because 
the hypothesis or supposition we have 
adopted does not agree with what we 
notice to occur in practice; and _ this| 
ought to set us to work to try to find out | 
what is the true theory of the matter; be- | 
cause practice, when not guided by gen- | 
eral principles, is mere guess-work, or 
empiricism, so far as regards every case | 
excepting only that in which the observa- 
tion itself is made. 

The reason of from ten to twenty times 
the amount of force or pressure that is 
required to generate any velocity in the 
open atmosphere, often being required to | 
give rise to the same velocity in the air| 
in mines, arises from the friction that air 
meets with, by rubbing against the sides 
of the air-ways, in passing through 
mines. Every square foot of surface ex- 





_ to the air travelling along the gal. | 
e 


ries of a mine is pressed by the air to| 
the extent of about a ton of force or 
pressure, and it is, therefore, no wonder 
that extra pressure is required to over- 
come the friction arising from this im- 
mense pressure. If, for instance, we 
find that the last or final velocity of air 
escaping from a mine, by an upcast shaft, 
is such as to require a pressure of one 
pound per foot, or thirteen feet of air 
column to give rise to it, on the supposi- 
tion that there were no friction ; and if, 
at the same time, we find that the actual 
pressure employed is ten times as much, 
or ten pounds per square foot, we learn 
from this, that nine pounds out of the 
ten pounds per foot are required to over- 
come the friction of the air in rubbing 
against the sides of the air-ways; the 
other one pound per foot, or one-tenth 
of the whole pressure only, being re- 
quired to give rise to the velocity; and 
this is no uncommon case in the practice 
of the ventilation of coal mines. Fric- 
tion, then, arising from the air rubbing 
against the top, bottom, and sides of the 
air-ways in mines, is really the greatest 
obstacle to be overcome by the ventilat- 
ing pressure or power ; the force required 





to put the air into motion, apart from 


friction, being very small in comparison, 
at least in a large majority of cases, par- 
ticularly in coal mines, which generally 
require a much more energetic ventila- 
tion than is necessary for the salubrity of 
metallic mines. 

To show the comparative amounts of 
pressure expended upon creating velocity 
in the air, and upon overcoming the frac- 
tional resistance it meets with in mines, 
respectively, the following cases are cited, 
the pressures due to velocities being 
those due to the final velocities at the 
tops of the upcast shafts. 
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Hetton Colliery, 1st. case... 

Do. Do. 2d case.... 
Haswell Colliery........... 
Tyne Main Do. ............ 

From this it will be seen, that out of a 
total pressure of nineteen, at Hetton 
Colliery, no less than eighteen were em- 
ployed on friction, and only one upon 
the velocity of the air. 

At Haswell Colliery, ten parts out of. 
eleven of the ventilating pressure were 
spent upon the friction of the air; and 
only one part out of eleven upon creat- 
ing its final velocity at the top of the up- 
cast shaft. 

At Tyne Main Colliery, seven parts out 
of eight of the ventilating pressure were 
spent upon friction; and only one part. 
in eight upon the velocity of the air at 
the top of the upcast shaft. 

From these examples it will be per- 
ceived that the amount of ventilation in 
mines, and, therefore, the safety, health, 
and comfort of the workmen employed 
in them, depend almost entirely upon the 
amount of friction that the air meets 
with, under any mode of ventilation we 
may employ ; and hence, the great im- 
por of understanding the general. 
aws and principles upon which the fric- 
tion of air in mines depends, so that we 
may know how to reduce such friction to 
its lowest possible amount, and by this 
means obtain the greatest quantity of air, 
from any ventilating power we may em- 


ploy. 














VAN NOSTRAND’S ENGINEERING MAGAZINE. 





TUBULAR FLOATING DOCKS, 


From “ Naval Scilence.”’ 


Ir is quite unnecessary to insist at the 
present day on the general usefulness and 
merits of floating docks. The fact that 
they can be employed in deep water, and 
in situations where from the nature of 
the ground it would be impossible to cut 
docks on the ordinary system, and that 
too, independently of the height of the 
tide, is so manifest an advantage that it 
cannot be questioned that at a time when 
increased dock accommodation is urgent- 
ly required their principle will be largely 
employed. The comparative cheapness 
of their construction also tells powerfully 
in their favor. To this must be added 
the consideration that floating docks are 
capable of being moved from place to 
place, so that if the demand for their use 
be diminished at one port, they can 
readily, and at small expense, be moved 
to another where the demand is greater; 
while from their comparative cheapness 
they can at all times be more profitabl 
employed than fixed stone docks whi 
have been built at a large outlay. The 
story of the great Bermuda dock built 
for the Government by Mr. Campbell, 
and safely towed across the Atlantic 
withont accident or unusual difficulty, 
must be fresh in the memory of all who 
take an interest in shipping, and affords 
a memorable example of the truth of our 
observations. Floating docks of the or- 
dinary type consist, as is well known, of 

arallel or nearly parallel walls terminat- 
ing in a flat bottom, the space between 
being divided into a large number of 
water-tight compartments, into and out 
-of which water may be pumped by means 
which need no description, and so may 
be raised or lowered at pleasure; so that 
vessels of various sizes may be received 
-on to the dock, and then raised by pump- 
ing the water out until the workmen can 
-obtain access to the whole of the hull, 
and perform the requisite repairs, and 
can then be lowered by admitting the 
water until the vessel can be floated off. 

Messrs. Clark and Standfield’s Patent 
Tubular Dock is of a totally different 
construction, and is worked in a different 
manner. Both the bottom and the ver- 

ttical sides of their dock consist of a 





number of circular wrought-iron tubes 
similar to egg-ended steam-boilers. The 
bottom of the dock is formed of about 
eight circular tubes which run the whole 
length of the vessel and extend some 
feet beyond its ends. These tubes are 
stiffened inside by angle irons every two 
or three feet, and are securely braced to- 
gether by transverse beams of T and 
angle iron above and below, which are so 
united by the tubes themselves and by 
gusset-plates as to form transverse gird- 
ers of ample strength to support the 
platform, having sufficient buoyancy to 
support both the vertical sides of the 
dock and the vessel itself. 

The sides of the dock are also formed 
of similar tubes which are fixed vertical- 
ly. Each side is formed of from twelve 
to twenty-four of these vertical tubes, 
which are inserted upon the two outer 
longitudinal tubes, and attached by 
flanges like the dome of a steam boiler; 
the vertical tubes are braced together 
and connected by a lattice-work platform 
at the top running the whole length of 
the dock, forming a spacious gangway 
for theworkmen. Thelongitudinal tubes 
are continuous throughout, and by means 
of the side tubes and braces they are so 
connected with the iron platform at the 
top as to convert the whole dock into a 
beam or girder of great depth and of 
immense rigidity. The centre longitu- 
dinal tubes are considerably larger than 
the side tubes, so that the general plan 
of the dock resembles somewhat that of 
an ordinary vessel. The two outer tubes 
are of larger diameter than the others, 
so as to give extra stability of flotation, 
and to afford convenient attachment for 
the side tubes. 

The tubes are divided within into a 
great number of water-tight compart- 
ments or chambers connected together 
by pipes, and the raising and submersion 
of the dock is effected by means of com- 
pressed air. The base of the dock is di- 
vided into about sixty air-tight compart- 
ments, separated by egg-ended bulk- 
heads, and the vertical sides form about 
forty additional chambers, and the whole 
of these last are hermetically sealed, so 
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that the dock cannot under any circum- 
stances sink. A certain number of the 
bottom chambers are so hermetically 
sealed ; but the remainder are provided 
with valves at bottom which can be 
opened or closed at pleasure, and with 
wrought-iron pipes which are grouped 
together, and are all brought to a valve- 


ties for side-shoring similar to those of 
stone graving docks, so that even loaded 
vessels may be readily blocked and shored 
up to any desired extent ; this is a point 
of great importance in the lifting of 
heavy iron-clads, and, moreover, by ad- 





|mitting water into some compartments 
‘and expelling it from others, the lifting 


house on the top platform of the dock, power can be to a great extent exerted 


and are placed under the control of the 
valve engineer. When it is desired to 
sink the dock the bottom valves are all 
opened, and the air allowed to escape at 
the valve-house until the dock settles 
down to its lowest level ready for the re- 
ception of a vessel. When it is desired 
to raise the dock, air is forced into the 
tubes under compression, the water is ex- 
pelled through the bottom valves, which 
are closed as soon as the dock and its 
vessel are fully raised; it then remains 
afloat with the vessel docked upon it, 
without any dependence on the air- 
valves. 

The engines are in two pairs, placed 
near the centre of the dock within the 
vertical tubes, the main from these being 
led into the valve-house. The whole of 
the water-tight compartments in the bot- 
tom are divided into four equal groups 
corresponding with the four corners of 
the dock by means of four correspond- 
ing valves in the valve-house; air is ad- 
mitted into or out of these respective 


groups inany desired proportions, so| 


that the dock is maintained at all times 
perfectly level both in raising and lower- 
ing. 
This novel form of dock has, to a great 
extent, the combined merits of the stone 
ving dock, and of the ordinary hy- 
ulic lift or pontoon dock, together 
with some advantages which are peculiar 
to itself. It hasimmense stability, owing 
to its great breadth, and to the great 
number of compartments into which it is 
divided, which prevent the tendency of 
the water to flow to the lower side—a 
tendency which may be, moreover, cor- 
rected at any time by allowing the com- 
ressed air (which is always kept stored 
in the vertical tubes) to act temporarily 
on any of the compartments. It is pro- 
vided with sliding bilge blocks, similar 
to those used on hydraulic graving docks, 
which are drawn under the vessel by 
chains. The vertical tubes are also well 
provided with side frames affording facili- 


| directly under the load to be lifted. The 
vessel when lifted is high and dry above 
water, an advantage common to all float- 
ing docks, but owing to the vertical 
tubes in this dock being well separated 
from each other, there are great facilities 
of access to all parts of the vessel. Two 
large gangways of extra width, provided 
with cranes, are also formed at each side 
for the landing of heavy timbers, plates, 
&c. The open sides admit of the air and 
light circulating freely round the work, 
so that paint dries and hardens much 
more quickly than in a sunken dock. 
From the same cause repairs can be ex- 
ecuted in a much more prompt and satis- 
factory manner than in a stone dock. 
The tubular form not only possesses 
great structural strength, but is peculiarly 
suited to withstand the extreme pressures 
to which floating docks are necessarily 
subjected both externally and internally. 
When an ordinary dock is submerged in 
deep water the air compartments have to 
| withstand an external pressure of, say, 
fifteen or twenty pounds on the square 
inch, tending to buckle the plates and 
open the joints; to make these compart- 
ments square and flat is as great an error 
as it would be to make a square steam- 
boiler or square iron pipes; in either case 
heavy and costly struts and ties are neces- 
sary to preserve the form and prevent 
bursting or collapsing. In the circular 
form, on the other hand, the material is. 
in perfect equilibrium, and its whole ten- 
sile or compressive strength is directly 
exerted in withstanding the pressure. It 
is well known, too, that the circular form 
offers facilities for caulking which are 
not possessed by flat boiler work. The 
tubes are accessible all round within and 
without for cleaning and painting, and 
by an ingenious system of canting the 
under sides of the tubes are made acces- 
sible for cleaning and repair. From the 
great number of compartments into 
which the dock is divided it seems scarce- 
ly possible that it could be dangerously 
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injured by shot or collision ; it is stated, 
indeed, that if three-fourths of the com- 
‘partments were punctured the structure 
would still float. 

In exposed positions it is proposed to 
submerge the duck entirely whenever it 
appears to be endangered by a cyclone 
or by stress of weather. The tubular 
sides afford great facilities for this opera- 
‘tion; compressed air is pumped into 
them at leisure and kept stored up ready 
for use; after the dock is submerged the 
opening of the valves will at any time 
allow it to expand and raise the dock to 
the surface. This use of stored-up power 
‘is also employed whenever it is desired 
to raise vessels rapidly—as, for example, 
in examining bottoms or screws; the 
power being stored up and ready for use, 
the docking of a vessel occupies but little 
time; by opening communication with 
the water in the tubes the air expands 
and expels the water and the vessel is 
immediately raised. 

The dock can, of course, be used in 
conjunction with flat pontoons for float- 
‘ing vessels, as is now done with the hy- 
‘draulic lift-dock, and the combined lift- 


‘ing power of the dock and a tubular pon- 
toon is obviously much greater than that 
of either of them separately. The pon- 
toons being perfectly water-tight are well 
adapted for withstanding a sea passage, 
and for conveying vessels over bars or 
shallows, after which they can be lowered 


into deeper water. It is proposed, in 
fact, to fit these pontoons with engines 
and screws, and their tubular form would 
enable them to pass through the water 
with little resistance. 

Not the least among the advantages of 
the tubular form of dock is the fact that 
owing to the small amount of interior 
strutting required, and the great sim- 
plicity of its construction, it can be put 
‘together in a much less time than an 
ordinary dock, and with a much smaller 
quantity of material, and consequently 
at a very greatly reduced cost. 

The floating dock appears to occupy 
an intermediate place between the old 
stone graving dock and the hydraulic lift- 
dock. Where the number of vessels to 
be lifted is very great, preference will 
wr be given to the latter; but the 

oating dock has advantages of its own. 
In the first place, its greatly reduced cost 
renders it suitable for many positions in 





which the business is sufficient to warrant 
the cost of a stone dock or an hydraulic 
lift dock. There are several cases in 
which floating docks of the ordinary con- 
struction are paying dividends of 20 or 
30 per cent., in positions in which stone 
docks would be impossible, or in which 
their cost would entirely preclude their 
adoption. It is not always easy to find 
a suitable position for an ordinary grav- 
ing dock, and even the hydraulic lift sys- 
tem requires water of a certain limited 
depth ; but a floating dock can be placed 
anywhere where there is sufficient depth 
for a vessel to approach, and can be trans- 
ported from place to place. 

It has been stated that the tubular 
dock is raised and lowered oy pneumatic 
means; there is, of course, no theoretical 
reason why it should not be worked by 
ordinary water-pumps in the usual man- 
ner. The practical objections to the sys- 
tem are, that either the dock must be 
divided into a very few water-tight com- 
partments, in which case it is somewhat 
unstable, owing to the tendency of the 
water to flow into the lower compart- 
ments; or else if divided into a sufficient 
number of compartments the size and 
weight of the large cast-iron pipes and 
pumps required for exhausting the water 
bear a very serious proportion to those of 
the dock itself, and add materially to its 
cost. 

In pumping air small wrought-iron 
oe are sufficient, and the engines may 

e of the slightest construction and 
worked at the highest speed without 
risk of damage, while it is at the same 
time possible to store up a certain por- 
tion of the air in a compressed form in 
the vertical tubes, which form a large 
reservoir of power which may be accu- 
mulated at leisure and employed at any 
moment required. When it is desired to 
lift a vessel in a moving sea this stored- 
up power may be of great importance, 
for as soon as a vessel is placed in proper 
position in the dock it 1s desirable that 
she should be at once partially lifted so 
as to secure her temporarily while addi- 
tional shores and bilge blocks are being 
fixed. 

Floating docks appear likely to be ap- 
plied in future to another purpose to 
which sufficient attention has hitherto not 
been drawn. We allude to their employ- 
ment as building slips for the construc- 
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tion or lengthening of vessels. On the 
ordinary system it is necessary that a 
building-yard should be closely adjoin- 
ing deep water, and that the vessel should 
be constructed and launched on inclined 
ways, a process not always devoid of 
risk. By building on pontcons this risk 
is almost entirely avoided ; any shallow 
river or creek may be utilized, whatever 
its distance from deep water, and the 
ways may be laid ona pontoon either 
floating in shallow water or resting on 
the ground in a shallow dry dock tem- 
porarily prepared for the purpose; and 
when the vessel is ready for launching, 
the water may be admitted to the dock, 
the valves closed, and the vessel floated 
out into deep water. During the opera- 
tion of submersion it is necessary that 
the pontoon should have vertical sides, in 
order to insure stability at the point of 
time when the vessel first begins to take 
the water, and before she is fully water- 
borne. In a large building-yard these 





vertical tubes might, however, with ad- 


vantage be only fixed temporarily in seg- 
ments, and removed and applied else- 
where while the pontoon was being used 
for building a second vessel. A similar 
arrangement might be employed for lay- 
ing up gunboats and other vessels in or- 
dinary while out of service. A shallow 
dry dock would contain a large number 
of such vessels, all parts both of the 
pontoons and vessels being accessible for 
painting, while the admission of water 
would enable the whole at any time to be 
floated out and submerged ready for use. 
In fact, floating docks have not yet as- 
sumed their proper place in the naval 
service. Constructed often in a tem- 
orary manner of wood or iron, and from 
imperfect designs, they have sometimes 
met with indifferent success or even with 
disaster; but experience has shown at 
once both their defects and their merits, 
and there is no doubt they are destined 
in future to become one of the most im- 
portant elements both in navigation and 
in naval construction. 





VESSELS OF WAR, 


By ISAAC NE 
From the New 


Never before was the whole subject 
of marine warfare in such a muddle as it 
isnow. When Louis Napoleon launch- 
ed the Gloire, fifteen years ago, he open- 
ed a discussion which seems never likely 
to come toanend. The European navies 
had settled down to what they supposed 
was a sort of “hard-pan.” After more 
than a decade of talk and experiment 
they had finally got the screw fairly in- 
troduced, and the batteries were gener- 
ally equipped with shell.guns. The de- 
struction of the Turkish fleet at Sinope 
by the Russian shell-guns and time-fuses, 
in the early part of the Crimean war, 
sent a shudder through the naval circles 
of Europe. The alarm wasas to the then 
existing power of naval batteries. If 
the small shell-guns of the Russian fleet 
did such swift execution, what would be 
likely to happen if ten-inch shells were 
fired into one another's vessels? One or 
both of the antagonists must forthwith 
be sent to destruction. The standard 
authority on naval gunnery referred with 
horror to the awful power of this tremen- 
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dous missile. It was this fearful antici- 
pation, as much as the launching of the 
Gloire, that gave birth to the iron-clad 
era. That these anticipations were en- 
tirely justifiable the fearful carnage which 
the shells of the Merrimac in a tew min- 
utes inflicted on the Cumberland and 
Congress is abundant proof. 

It was at this time, in 1861, that the 
Monitor made its appearance. England 
had already begun her iron-clad navy, 
and had launched the Warrior, the Black 
Prince, the Defense and another. The 
French had built a companion to the 
Gloire. The fight between the Monitor 
and Merrimac changed the whole aspect 
of things. Foreign powers saw that 
wooden ships had no show against shell- 
guns in shot-proof vessels, and that we 
had been able to build within a hundred 
days a ship that solved the iron-clad 
problem, and was capable of sinking any 
French or English wooden ship that 
might come against it. The fact too was 
apparent that a few months would give 
us a fleet of just such vessels, And in a 
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few months we had the fleet. But we! 


have made no attempt since the war to 


compete in iron-clad construction with | 
England and France or any of the Euro- | 
pean powers. We have practically ceased | 


to place reliance on guns for the defense 
of our harbors. Our course now is plain. 
It is to attack an enemy below the water- 
line— abandoning all devious attempts to 
overcome his armored sides—and thus to 
neutralize whatever advantage he may 
have obtained by colossal expenditure on 
iron-clads. 

The fact that attack below the water- 
line by subaqueous weapons is destined 
to utterly revolutionize naval warfare 
would seem to be too plain to require la- 
bored demonstration; but undoubtedly 
another great war will be needed to con- 
vince naval authorities of it. England, 
France, Germany, and Russia vie with 
each other to produce an iron-clad abso- 
lutely impregnable to existing artillery. 
England has just put the monitor Jnflex- 
ible on the stocks. She is to have 
twenty-four inches of armor on her tur- 
ret, and is to carry guns firing shot 
weighing 1,200 pounds. Russia has 
launched the Peter the Great, and Ger- 
many follows with her Frederick the 
Great. Meanwhile, the naval writers of 
Europe are filling newspapers, magazines, 
and pamphlets with discussions and con- 
troversies as to the general character and 
powers of iron-clads, and, strangely 
enough, naval officers are preparing elab- 
orate treatises on naval tactics for the 
disposition of these monsters, as if they 
were to be handled and maneuvred as 
Von Moltke could an army corps on a 
smooth plain. Inasmuch as a few hun- 
dred pounds of nitro-glycerine, or some 
other of the modern explosives, fired in 





contact with their unarmored sides 
below the water, would send the strong- 
est of these naval giants to Davy 
Jones’s locker before even the sim- 

lest of “naval tactics” could be put 
into operation, we must regard the work 
of these industrious tacticians as thrown 
away. 

The inability of the naval specialists to 
appreciate the situation, and the conse- 
quent muddle that exists throughout Eu- 
rope as to models of vessels, the charac- 
ter of armor, the purposes to which naval 
vessels may be put, and the methods of 
naval warfare, are indications of the com- 
ing revolution. To show the extreme to 
which they go, we find little kingdoms 
like Sweden and Norway building an in- 
significant number of broadside iron- 
clads, thus feebly following in the wake 
of Russia and Germany. Of course, 
these vessels are of no use to such a 
power for offensive purposes, and as for 
defensive purposes they are worthless, 
and their whole construction is simply a 
frivolous waste of money, prompted by 
vanity and a foolish attempt at rivalry. 
It is hard for the naval minds to under- 
stand that the old ideas of naval power 
are fast approaching an end, A clear ob- 
server, informed as to the situation, must 
recognize the fact that twenty-five years 
from now a navy will exist only as a 
means of defense for the great nations. 
The vast sums that are spent every year 
in maintaining and increasing the navies 
of Europe on their present system may, 
therefore, be regarded as _ practically 
thrown away. The comparatively inex- 
pensive submarine monster, applied to 
defensive uses, will neutralize all the mil- 
lions that are now wasted on enormous 
naval constructions, 





A Woopen Rairoap 1n Micuigan.— 
The tram road of Van Etten, Kaiser & 
Co., at Pinconning, Bay county, Michi- 

an, is 11 miles long, and is thus described 
in a communication to the Chicago Rail- 
road Gazette: There are first logs 12 to 
16 feet in length laid crossways about 
five or six feet apart. Then gains are cut 
in the logs and flatted timber laid in 
these gains ; this prevents the road from 
spreading. Our rails are of hard maple. 
Before spiking the rails down we put ties 
across the stringers, notching the stringer 





enough to let the tie down even with the 
top of stringer and spike the tie fast be- 
fore the rail is laid on. The ties are of 
two inch hemlock plank from 6 to 12 
inches wide; this prevents the stringer 
from rolling. We would recommend any 
one who wishes to build a road on the 
above system to build it as straight as 
possible. We have been obliged to dis- 
pense with wooden rails on the curves 
and lay down iron. We operate our road 
with locomotive power. Cost of building 
without rolling stock is $2,000 per mile. 
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THE WARNER PROCESS. 


From “‘ The Engineer.” 


Srvce Cort invented the process of 
puddling in 1784 the substantial improve- 
ments which have been effected in the 
method of converting cast iron into 
wrought iron have been very few. The 
Bessemer and Martin system revolution- 
ized the steel trade, but nothing analo- 

us to the Bessemer or Martin process 
in its effects on a great industry has been 
introduced in the production of wrought 
iron, and this notwithstanding that le 
gions of inventors have spent time and 
money in attempting to solve an appa- 
rently unsolvable problem. If the rotat- 
ing puddling furnace can be made a sub- 
stantial commercial success, then it is 
more than probable that Cort’s invention 
will be superseded after nearly a century 
of use. but we cannot regard any sys- 
tem of mechanical puddling yet pro- 
duced as perfectly satisfactory ; and even 
though this were not the case, there is 
reason to believe that other systems of 
purifying cast iron might be adopted 
either alone or in conjunction with a me- 


chanical F nga. furnace with advan- 


tage. e regard therefore with inter- 
est every attempt which is made to su- 
persede or supplement the ordinary sys- 
tem of hand puddling, and we have at 
all times endeavored to put the claims 
of inventors in this branch of science 
fairly and dispassionately before the 
world. In this spirit we now desire to 
call the attention of our readers to a 
novel method of manipulating pig iron, 
which, judging from the evidence laid 





before us, has proved unusually success- 
ful as compared with the results ob-| 
tained by other processes intended to| 
effect the purification, wholly or in part, | 
of cast iron. The inventor of the new 
process is Mr. Arthur Warner, of Lon-' 
don, and it is the result of many hun- 
dreds of experiments, carried out under 
the supervision of Mr. Warner’s son, a} 
competent chemist, and at very consider- | 
able expense. The process in itself ex- 
erts no small claim on our favor in that 
it does not attempt too much. Mr. War- 
ner does not profess—as too many invent- 
ors do—to produce a perfect material 
from an inferior pig at an impossible cost. 
He has addressed himself to a specific 
Vor. XIL—No. 1—3 


object, and we have the testimony of 
many practical men to prove that he does 
really effect what he professes. Besides 
this, there is about the Warner process a 
definite promise and foretaste of the suc- 
cess in that he does not work with infini- 
tesimal quantities of “ physic,” and that 
he can give a sound chemical reason for 
everything that he does. The thing is 
so simple that it admits of being ex- 
plained in a few words, but the reactions 
on which its success depends require a 
little explanation, which we shall give 
before going further. 

It is well known that the two princi- 
pal ingredients in pig iron which the op- 
eration of puddling is intended to remove 
are carbon and silicon. With two other 
impurities—sulphur and phosphorus— 
the puddling furnace deals with doubtful 
effect. What carboa is we need not stop 
to explain. Silicon, or silicium, as it 1s 
sometimes called, is a peculiar non-me- 
tallic element, which, in combination 
with oxygen, constitutes silica. It is 
present in cast iron in various quantities, 
from 5 or 6 per cent. downward: less 
than 3 per cent is comparatively rare. 
Why the presence of carbon and silicon, 
except in very minute quantities, should 
be inimical to the existence of wroughit 
iron, is not very clearly understood. 
Even though it were, we should not di- 
= to deal with the question here. 

‘he broad fact remains that the carbon 
and silicon must be got out of the pig be- 
fore we can have wrought iron. As it is 
not necessary to plunge very deeply into 
the chemistry ot the subject, it will be 
enough to state that certain materials 
exist which have the power of combining 
with silicon and sulphur under the influ- 
ence of heat, and of producing with them 
a slag or cinder which is lighter than 
iron and is fluid at the temperature at 
which iron melts. One of these materi- 
als—to select the cheapest and best 
known—is limestone. This is used in 
the blast furnace, and disposes of a large 
proportion of the silicon and sulphur con- 
tained in the ore. But the quantity of 
limestone which can be used is limited 
because it tends to produce “scaffold- 
ing” and to“ gob” the furnace. If more 





34 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





could be used, the resulting pig would be 

urer; as itis, in practice we have vary- 
ing quantities of silicon in the pig, which 
must be subsequently removed. Now 
fully impressed with the importance of 
the part played by limestone in the blast 
furnace, and knowing the advantage 
which would be gained—and to which 
we shall refer presently—by getting rid 
of the silicon and sulphur, Mr. Warner 
labored to effect the removal of both by 
a further use of limestone. His process, 
therefore, it will be understood, differs 
from almost all other chemical processes, 
so called, of purifying iron, in that it 
leaves the carbon untouched and deals 
with the silicon and sulphur alone. Mr. 
Warner first attempted to effect the re- 
‘quired object by placing a quantity ot 
powdered limestone at the bottom of a 
deep and narrow vessel and pouring cast 
iron on the top. The process was a com- 
plete failure; the limestone caked to- 

ether into a mass under the influence of 

eat and remained at the bottom. Mr. 
Warner overcomes this difficulty in a sin- 
gularly elegavt way. He mixes his pow- 
dered limestone with soda ash, and 
places them at the bottom of the puri- 
fier. As the soda ash becomes heated it 
melts down and leaves the particles of 
infusible limestone free. These being 
lighter than the cast iron, float up 
through the metal, and become converted 
into carbonic acid and calcium. The 
first seizes on the silicon and oxidizes it, 
becoming itself converted into carbonic 
oxide, which escapes at the surface ot the 
metal. The wiker is also attacked and 
eliminated. In practice the cperation of 
purifying occupies about half an hour or 
a little more, and during all t':is time the 
metal boils violently in consequence of 
the partial combustion of the silicon and 
sulphur, and remains perfectly fluid with- 
out any extraneous heat. In this a re- 
semblance will be traced to what takes 
place in the Bessemer converter, but the 
temperature in the Warner purifiers is so 
much less, that ordinary fire-bricks can 
be used instead of ganister as a lining. 
In brief, then, the Warner process con- 
sists in placing at the bottom of a 
wrought iron cylindrical vessel, six or 
oe feet deep and two in diameter in- 
side the fire-brick lining, a given quan- 


~ of pulverized limestone and soda ash, 
and pouring on this from two to ten tons 





of melted iron either from the blast fur- 
nace or the cupola. When the process 
of purification which we have described 
is concluded the metal is tapped out into 
cakes or pigs. The slag is then tapped 
off, and the purifier is ready for an- 
other charge. In order that no doubt 


may remain as to the precise nature of 


the process, we publish Mr. Warner’s 
specification on another page. To use 
the inventor’s own words, “'The process 
is carried out in the following manner: 
A cylindrical plate iron vessel with 
fire-brick lining, mounted on wheels, and 
capable of holding five to ten tons of iron, 
is run up close to the blast furnace and 
under a chimney to carry off the gas and 
flames. At the bottom of this vessel has 
been previously placed the required 
quantity of the purifying mixture. The 
iron is then tapped from the blast furnace 
and runs into the vessel upon the top of 
the powder. A violent action begins at 
once, and lasts for twenty or thirty min- 
utes, The carbonic acid, by the oxida- 
tion of the silicon, becomes converted 
into carbonic oxide, and burns at the top 
of the chimney with an intensely brilliant 
flame, colored yellow by the soda. As 
soon as the agitation ceases the vessel is 
drawn away from the blast furnace and 
tapped into iron moulds. The silicon 
and sulphur, in combination with the 
lime, then follow as separate slags free 
from iron, the carbon being increased or 
decreased as required.” The product 
thus obtained is a white refined iron, 
practically free from silicon and phospho- 
rus, We select a single analysis by Mr. 
Riley from many to show the result of 
the operation of the process on Cleve 
land pig: Combined carbon, 3.218; sil- 
icon, 0.012; sulphur, 0.092; phosphorus, 
1.750. The original pig iron contained 
over 3 per cent. of silicon. 

To convert the refined metal thus ob- 
tained into wrought iron it is puddled in 
the ordinary way as refined iron; but it 
is found in practice that owing to the re- 
moval of the silicon and sulphur alone 
the iron will—unlike ordinary refined 
metal—boil freely, and become quite 
fluid. The duration of the puddling pro- 
cess is also much reduced, so much, in- 
deed, that at the Kirkstall Forge twenty- 
seven heats were got out with the aid of 
a dandy fire in twenty-four hours, in- 
stead of twelve, the usual number. The 
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saving of fuel thus effected is obvious, As regards the practical results obtained 
but the reduction in the quantity of fet- by Mr. Warner, we cannot have better 
tling required is also very considerable, evidence than that supplied on oath be- 
for reasons which will be too readily un-| fore a Judicial Committee of the Privy 
derstood to need explanation here. Council engaged in deciding Mr. War- 
So far we have said nothing as to the | ner’s claim for an extension of one of his 
removal of phosphorus; and as to the |earlier patents. Mr. Lee, of the Gospel 
success of the process in this respect we | Oak Works, tested about 20 tons of 
shall pronounce no opinion for the present. | Warner refined metal made from Cleve- 
Mr. Warner claims to remove phosphorus | land pig, and stated that he found it 
altogether in the subsequent process of | equal to all mine Staffordshire pig, and 
puddling by the use of ge | of hammer | worth twenty shillings a ton more than 
slag, and he argues that phosphorus is | ordinary Cleveland iron, Mr. Barrett, 
not got out in the ordinary process of | of the Kirkstall Forge, having tested the 
puddling only because the silicon present | iron, ordered 500 tons of it, at twenty 
in the iron seizes on the oxygen in the| shillings advance on Cleveland pigs, 
fettling and hammer slag, and renders| while the testimony of Mr. Hall, Mr. 
them so inert that they cannot touch the | Whitehouse, and others is equally tavor- 
phosphorus. As his refined iron contains| able to the process. We cite this evi- 
no silicon, the oxidizing agents are tree | dence simply to prove that the favorable 
to deal with phosphorus, and do deal| opinion we have expressed concerning 
with it accordingly. As we have said, | the process, although based on the chem- 
we shall pronounce no decided opinion | ical theory involved, is supported by the 
on this theory, but we may state that Mr. | results obtained in actual practice, as tes- 
Warner has supplied us with evidence | tified to by men of immense experience 
going to prove that from some cause/and sound judgment. We may state in 
or other very little phosphorus indeed| conclusion that Mr. Warner is, we be- 
is to be found in puddled bars of his iron. | lieve, now making arrangements for the 
It will be seen that the process we| erection of works on a large scale for the 
have just described is very similar to} production of refined pig, so that the ques- 
many others up to a certain point, but| tion of the commercial value of the pro- 
the essential difference between it and | cess will soon be set at rest forever. We 
such processes as that of Henderson is| have no hesitation in admitting that the 
that a great depth of metal is superim-| process appears to us to possess more 
posed on the purifying agents, and that} promise of complete success than any 
no extraneous heat of any kind is em-| other which has been brought before the 
ployed while the process is proceeding. | world since Mr. Bessemer made steel. 








TRIAL TRIPS. 
From “ Engineering.” 


Examerrine is essentially an experi-|ture and strength of which vary exceed- 
mental science. The mathematician and | ingly, and in many other ways to start. 
physicist discover and elucidate its laws| with assumptions or hypotheses which 
and first principles, but are able within | may or may not correctly represent the 
the limits of their own sciences only to| conditions which obtain in practice. It 
apply those laws and principles to/|is of the very greatest importance, in or- 
structures existing upon paper. The/ der to the growth of scientific engineer- 
varied conditions under which the actual | ing, that the class of scientific investiga- 
structures have to be erected and worked, | tors to whom we allude should have their 
or used, are such as they cannot within|hands strengthened in every possible 
those limits take into account. In their/way. They are doing for engineering 
investigations they have, for instance,| what few engineers have either time or 
necessarily to assume the perfect rigidity — to do for it—investigating and 
of various joints and fastenings the na-’ elucidating the foundation principles om 
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which it rests, and are putting the com- 
ang race of constructive engineers in a 
position to work with some approach to 
scientific reason and accuracy. It is 
scarcely necessary to point out that this 
is not an advance in abstract knowledge 
merely. It means, in the first place, in- 
creased safety in structures, and then 
economy of labor, economy of material, 
and, in the case of coal-consuming ma- 
chines, economy of fuel. The applica- 
tion of scientific principles to the design 
of engineering work will, in fact, make it 
safer, more efficient and cheaper at the 
same time. 

The great want of all those who are 
engaged in the investigation of engineer- 
ing science at present is experimental 
data by which to verify conclusions ar- 
rived at inductively, and to arrive de- 
ductively at further conclusions. The 
class of experiments which alone can be 
-of much use under present circumstances 
must be (1) upon a sufficiently large 
seale (2), carried on as nearly as possible 
ander the conditions obtaining in actual 
practice, and 4 completely in all 
their details. The conclusions derived 
from mere laboratory experiments can 
but seldom be applied to engineering 
work. Experiments, for instance, with 
propellers 2 in. diameter, or with model 
‘vessels a few feet long, while interesting 
an themselves, do not supply us with 
-data which we can with confidence apply 
to 16 ft. screws or ships displacing a 
couple of thousand tons. The scale 
upon which the experiments are carried 
on is not, however, everything. They 
may be on a large scale—they may even 
be conducted with full-sized machines or 
structures—and yet be of comparatively 
little use. This occurs when they are 
carried out with a view to establishing 
certain pre-determined results, or prov- 
ing some already assumed economy. In 
this class come but too many of the pub- 
ished experiments connected with any 
new machine or apparatus, the working 
of which invariably “exceeds the most 
sanguine expectations of its promoters.” 
Such experiments (when the results pub- 
lished have really been srrived at, and 
‘are not, to a great extent, imaginative) 
are for the most carried on under excep- 
tional conditions, or for short periods, do 
‘not represent truly the results which 
‘would be obtained in ordinary working, 





and, therefore, cannot be “founded on” 
by the investigator. It is, of course, 
true that it is important to know the very 
best results that can be obtained from 
any piece of apparatus, as well as its 
average efficiency ; but for this purpose 
it must be stated in the account of the 
experiment whether the conditions under 
which it was carried on were ordinary or 
special, a little fact which inventors and 
patentees somehow omit occasionally to 
mention. The statement that experi- 
ments to be of value should be complete, 
will awaken responsive echoes in all the 
army of investigators, who have spent 
hours—or perhaps even days—wading 
through masses of ill-arranged informa- 
tion in hopes of arriving at length at the 
one little fact which is required as a key 
to all the others, and without which they 
remain almost useless, but which, some- 
how, the experimentor (no doubt a 
“ practical” man) had entirely forgotten 
to state. 

There is probably no section of en- 
gineering science of greater national im- 
portance to this country than what may 
be called marine engineering, embracing 
the science of naval architecture, and the 
designing of engines and machinery for 
the propulsion of vessels. There is at 
the same time no section of engineering 
work in which so many experiments are 
made ; and yet out of all these experi- 
ments very few are of real use, even to 
those who conduct them, and not one in 
a hundred is of the slightest value to the 
rest of the world, including the hungry 
little army of investigators already men- 
tioned. 

_ Who does not know by heart the or- 
dinary “Trial Trip?” and what marine 
engineer, whose interest in his profession 
leads him to examine a little below the 
surface, has not attended trip after trip 
in the vain hope that he might obtain 
some valuable data, and again and 
again come away disappointed and 
savage? Not a few of our readers 
must have experienced something like 
this: The tug has conveyed a crowd 
of gentlemen (and ladies) to the ves- 
sel, the anchor is weighed, the engines 
begin to turn, and a second inspection of 
the engine-room from the skylight show- 
ing that the preliminary confusion and 
crowding below has somewhat lessened, 
you descend to see what is going on. 
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Here too often you find things as dirty 
and confused as if the voyage were fin- 
ished instead of begun ; but let us sup- 

that it is intended to take adventur- 
ous ladies down to admire the “things 
like spiders,” and that consequently all 
the machinery is tolerably clean and 
bright. The indicator gear is ready, al- 
though the lead of some of the strings is 
not very good ; but a moment’s inspec- 
tion shows that no arrangements have 
been made for measuring the water that 
is collected from the jackets. You go in- 
to the stoke-hole, and there find two or 
three large, and of course unweighed, 
heaps of coal upon the floor, and the 
bunker doors open ; and on looking at 
the steam gauge you see that the pres- 
sure is 10 lbs. or 15lbs. lower than that at 
which the boilers were intended to work. 
For an hour or so the course down the 
river is much impeded by the numerous 
craft, but at length the water is clearer, 
and the order for “full speed ahead” is 
given. Another visitto the engine-room 
shows you two indicators in place, and 
you find that no more are forthcoming, 
and that the cards will be “quite near 
enough” taken in this way. The first 
diagrams are not very satisfactory—the 
instruments cold perhaps—and just as 
another set is being taken a bearing be- 
gins to heat, and with much spluttering 
and splashing the engine is slowed, and 
the diagrams remain untaken. By the 
time the brasses have been cooled and 
eased (if, indeed, the heating does not 
continue all day), “the mile” is being 


neared, and great excitement reigns in | surfaces. 
the stoke-hole, the occupants of which | 
you find to be hard at work under the eye | 
The throttle |mersion of the screw is guessed at. 


of the manager himself. 
valve is wide open, the engines in full 
ear, water pouring over the offending 

oe Ba and possibly over others as well, 
and the lads at the indicators working 
for very life. It is soon over, and when 
you presently inquire the speed you may 
probably be surprised to find that the 
a and the manager’s statements 
by some thirty or forty seconds, if, 


same ter are fortunate enough to get 


any definite statements from any one. 
Then come lunch and the speeches, and, 
as an invited guest, you feel it would be 
uncivil to leave the table till they are 


finished, but you know that the vessel | 
| engineer, and would also in the hands of 


has turned, and that while “ The owners” 








or “The ladies” are being enthusiasti- 
cally toasted you are running the mile iu 
the homeward direction. At last yon 
are once more in the engine-room, where 
you find that various “linked-up” cards. 
have been taken, and that the fuel has 
been measured for half an hour or so by 
some method extemporized on the spur 
of the moment by some well-meaning 
draughtsman, and found to be at the rate 
of about 1.5 lbs. per indicated horse 
power perhour! Disgust seizes you, 
and you visit the engine-room no more, 
but endeavor by the aid of a cigar on 
deck to quiet your feelings sufficiently to 
enable you to make the necessary com- 
monplace compliments to your host be- 
fore the tug takes you ashore again. 

The sum total of the information de- 
rived from such a trial trip, and we have 
really given no unfair picture of trips 
that occur every week—almost every day 
—is this. A vessel of a certain length, 
breadth and depth, ran a knot in some- 
where between five and six minutes on a 
fine day in a smooth river, and the en- 
gines indicated at the time so many 
horse power, actually or ———— 
The diameter and stroke of the cylinders, 
and possibly the dimensions of the pro- 
peller and the boilers, constitute with this 
the whole of the information which any 
one not in some way Officially connected 
with the vessel is able to obtain, while the 
engine builders will, of course, know in 
addition all the dimensions of the vari- 
ous parts, and (but sometimes only ap- 
proximately) the heating and condensing 
The draught of water has not 
been observed, or has only been noticed 
approximately or casually, and the im- 
It. 
never enters into any one’s head to find 
out the displacement or the immersed 
midship section, still less to calculate 
either the actual or the “ augmented” 
immersed surface. As regardsknowledge 
of the laws, or even the facts, of propul- 
sion, the trial trip is of scarcely the 
slightest use to the builders of the ship 
or the makers of the machinery, and of 
none whatever to any one else. 

And yet with very little additional ex- 
pense or trouble the trial trips, which are 
so constantly taking place, might be 
made to yield information which would 
be of much direct practical value to the 
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scientific men add immensely to our 
knowledge of all the laws relating to the 
resistance of vessels. A trial trip might 
be rendered a complete scientific experi- 
ment upon the largest scale, and under 
all, or nearly all, the conditions of actual 
Lrg oa the kind of experiment, in 

act, which is most urgently needed. 
The short-sightedness of the system 
which, partly to save a few pounds anda 





little trouble, and partly to make a “vain 
show,” converts atrial into a trip, must be 
strongly condemned, and we hope that 
it may not be long before marine en- 
gineers in general will see with us, that 
it would be to their interest to do 
thoroughly and well that which so many 
of them now expend much trouble in 
doing in a useless and incomplete fash- 
ion. 





ON THE ADVANTAGES OF A CONSTANT AS COMPARED WITH 
AN INTERMITTENT WATER SUPPLY. 


From the ‘‘ English Mechanic,”’ 


Ar the recent meeting of the British 
Association at Belfast, Mr. Deacon read a 
— on his water-waste meter. In the 

iscussion which followed, Mr. F. J. 
Bramwell, C. E., made some valuable ob- 
servations. Hesaid: I believe that most 
serious injury to health has been occa- 
sioned by the system of cistern storage. 
Cisterns are of necessity cumbrous. They 
have to be put somewhere out of the way, 
and commonly careless or ignorant build- 
ers or architects fix them in all but inac- 
cessible places, where they are out of 
sight and out of mind, and thus attention 
is not paid to keeping them clean, and all 
sorts of filth accumulate; but, bad as 
this is, it is not the worst result of the 
system, for too commonly the cistern for 

eneral purposes is placed in close prox- 
imity to that part of the house from which 
it ought on every ground of health and 
of common decency to be the furthest 
away, and it appears as though the very 
effort of the constructors of such houses 
is to make arrangements for the express 
epee of contaminating the water. 
‘Those who travel on the suburban rail- 
ways of London and observe the backs 
of the poor dwellings in the neighborhood 
of some of those railways, must have no- 
ticed that commonly the only cistern was 
exposed to the full heat of the sun, and 
was carried on the top—in fact, formed 
the roof—of an outbuilding from which 
filthy gases emanate to be absorbed by 
the water, and thus that which should be 
the source of cleanliness and health was 
fouled and poisoned as a preparation for 
its use. That water can be rendered the 
carrier of disease by the absorption of 
foul gases, I presume few present will 





doubt; but I may refer you to a recent 
statement in the Zimes, where it was 
shown that typhoid fever had been com- 
municated to a number of cottages by 
the vapor from a drain in which the slop- 
water of the washing of the linen of the 
first patient suffering from that fever had 
been thrown. By placing cisterns where 
they could receive foul gases, I have no 
doubt but that disease might be spread 
through a house; but worse than this, 
the intermittent system is attended (when 
the supply is shut off, and the lower cis- 
terns are filling from the water remaining 
to the higher parts of the pipes) by an 
indrift into the general service main, and 
in this manner, as is well known, foul 
gases, in some cases even foul liquids, had 
been drawn into those mains ; and thus 
the disease is laid on from one house to 
another. 

The constant service affords an agree- 
able contrast to this catalogue of loath- 
someness. The water being always at 
full pressure in the pipes, all that is re- 
quired is to turn the tap and draw the 
water cool, and as pure as it may be when 
supplied, unpolluted by foul gas or by 
foul liquid. But it is said by those among 
water-works, engineers and managers who 
still advocate the intermittent supply, that 
even assuming all these things to be true, 
the intermittent supply is a necessity, and 
that the waste of a commodity that is not 
paid for according to the quantity used, 
but is paid for in an ‘nna rate, must be 
so excessive if the service is constant, 
that whatever may be the evils of inter- 
mittent supply, they must be submitted 
to, as the only means of preventing oo 
and unbearable waste. But the fallacy 
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of these arguments has been exposed, and 
-so successfally exposed, by the advocates 
of the constant supply, that the Legisla- 
ture has for many years past insisted on 
inserting in each Act for the supply of 
water to provincial towns a clause to 
secure constant supply; but this legisla- 
tive care is operative in provincial towns 


only, and there is one most important ex- | 


ception to this otherwise now general 
rule, and that exception, unhappily, is in 
the case of the metropolis. 

In London, with its three and a half to 
four million inhabitants, the water supply 
is given over to eight companies, who 
reign supreme; the metropolis is divided 
into districts, each company has its own, 
and there is no competition, no new com- 

any is permitted, and London is power- 
on arious checks have been suggest- 
ed, and some have even come into opera- 
tion; but the result is that, practically, 
the companies do as they please. Many 
years ago an Act was passed to give a 
constant supply to London, but the sec- 
tion will see that it is a perfectly dead 
letter when I tell the members that before 
acompany can be compelled to afford a 
constant supply it must be demanded by 


.alarge majority of the inhabitants who 


are served by a “district main.” It turned 
out that the term “ district main” had no 
recognized meaning, and that it was im- 
possible to tell what group of houses 
would satisfy this term; the result was, 
the Act was never put in force. About 
three years ago an Act was passed to cure 
the blunder in the former Act, and to ob- 
tain a constant supply for the metropolis. 
One of the provisions of that Act is that 
within six months the water companies 


should frame a set of regulations for the | 


“fittings,” and that those regulations 
should be submitted to the Metropolitan 
Board of Works, who, if they disapproved 
them, were to be heard before the Board 
of Trade. The eight companies drew up 
their regulations. The Metropolitan 
Board of Works did me the honor of re- 
ferring these regulations to me for exam- 
ination and for a report, and, as I consid- 
ered them most oppressive, I advised they 
should be opposed. I trust the section 
will bear with me when I mention one or 
two of the clauses of the regulations. 
The use of cisterns must be continued; 
nevertheless, all the pipes in the house 
must be replaced with pipes of a great 


strength, unless, indeed, they happened 
to be of the excessive thickness demanded, 
which, however, was most unlikely. If 
there were a bath in the house, it must 
only have one opening for inlet and out- 
let, so that the clean water must come in 
through the dirty outlet. Moreover, it 
must not have a waste-pipe, because the 
water might be left on accidentally, and, 
if so, the owner would be punished by the 
| bath overflowing and spoiling his ceilings 
and walls, and, perhaps, a few pictures. 
| Cisterns were not to have any overflows 
|except of a particular kind—that is, they 
|were to be brought through the house 
wall into a place where the officer of the 
company could see them. When it was 
objected that this would in many cases 
involve great length of pipe and serious 
cutting away of plasters in order to carry 
the pipe down within the house to about 
the pavement level before bringing it 
through the wall, it was said, “ Oh, bring 
it out through the nearest wall at what- 
ever floor the cistern may be”; and the 
representatives of the company did not 
see any particular objection in the fact 
that any householder who did this would 
be liable to an action for damages for sud- 
denly giving a shower-bath to a passer- 
by, and they seemed to think the sugges- 
'tion that ladies would not like to have 
good dresses or bonnets thus spoilt an 
|idle one. The commissioners before whom 
the regulations were discussed, very 
greatly modified them in favor of the 
public, but nevertheless the Act is still 
practically inoperative, and probably will 
be till another outbreak of disease causes 
fresh alarm. 

During the discussion on the question 
of constant supply to London, the advo- 
‘cates for it instanced Norwich, where, 
under efficient supervision, the consump- 
tion per head fell from between 25 and 30 
gallons per diem on the intermittent sys- 
tem, to 15 gallons on the constant; Man- 
chester, a large city, where the result has 
been nearly as markedly favorable in re- 
lation to the constant supply; and Shef- 
field, a town where it re oa most suc- 
cessful, the supervision there having 
brought down the consumption to many 
gallons per head less with the constant 
than with the intermittent supply. On 
the other hand, the supporters of inter- 
mittent supply in the metropolis have 
said: “Look at Liverpool; here is the 
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case of a town which began on the con- 
stant supply, and had to give it up, the 
waste was so great.” No doubt this was 
so, and it was always felt to be a powerful 
argument in favor of the London advo- 
cates of an intermittent supply. They 
said, in effect, the requisite supervision 
becomes unfavorable in large towns (al- 
though Manchester was a success), and 
thus Liverpool was made a standing re- 
— to the constant supply system. 

iverpool was on the intermittent service 
when Mr. Deacon was selected to be the 
engineer to the Water Committee. Hap- 
pily for Liverpool and happily for the 
question of constant service, Mr. Deacon 
was not content to fold his hands and put 
up with things as he found them without 
an attempt to better them. He saw the 
expense and difficulty attendant upon a 
house-to-house inspection of the state of 
the fittings ; he knew how offensive such 
inspections are to those who are behaving 
properly and honestly ; and he set himself 
to devise an instrument by which he 
should be able to form a very good idea 
in which houses waste was going on, and 
to inspect those houses, and those only. 
His reflections on the subject had resulted 
in the water-waste meter which was now 
before them. This had been successfully 
in operation in several of the districts 
where the Water Committee, before de- 
termining on adopting it generally, 
thought it advisable to have an independ- 
ent opinion on the subject, and they re- 
quested me to investigate into and report 
upon it. In consequence of this request 
I put myself into communication with 
Mr. Deacon, and visited Liverpool. I 
first tried the meter, under very varying 
heads, delivering water into tanks of 
known capacity, to ascertain the correct- 
ness of its registration. This I found to 





be very satisfactory. I then spent the 


greater part of two nights in the streets 
ot Liverpool, going with the inspectors 
through two districts to which the meters 
had just been applied. The results were 
most striking. On visiting one of the 
meters at midnight, it showed a consump- 
tion of about 3,000 gallons anhour. Go- 
ing on, passing through the district, the 
inspectors applied the key to the stop- 
cock outside each house, and, on the ear 
being put to the top of the key, the pres- 
ence or the absence of sound indicated 
whether there was waterrunning through 
or not. By closing the cocks when the 
noises were heard, and leaving all the 
others open, it was found on revisiting the 
meter that a waste of 2,200 gallons an 
hour had been arrested. The few houses 
where the stopcocks had been closed 
were noted, and these houses alone were 
the subjects of visits from the inspectors 
on the following day. I believe the _ 
paratus is one which may be thoroughly 


relied on as not likely to get out of order, 


and that it would enable perfect control, 
at the least possible cost and with the 
least annoyance to the inhabitants, to be 
maintained over a district; and I think 
the Corporation of Liverpool are to be 
congratulated for having selected as their 
engineer a gentleman who, by his intelli- 
gence and inventive talent, will not only 
save the Corporation many thousands a 
year, but will restore the boon of constant 
service to Liverpool ; and I further think 
the advocates of that service through- 
out the country, and all those who are 
interested in sanitary science (in truth, 
that means the whole population), are 
indebted to Mr. Deacon for having 
made this important improvement in 
facilitating the adoption of constant ser- 
vice. 





ON MODULES. 


From “ Engineering.” 


HypRavtic engineers not having yet 
arrived at a perfect module for measuring 
the amount of water drawn off in an 
open channel for irrigation or other pur- 
poses from an open canal or reservoir, 
under a varying head of pressure, it is a 
matter of some interest to examine the 
older types of design of modules that 
have been used at various times and in 





various countries, before going on to those 
of more modern form. The designs be- 
ing necessarily simple, they will be found 
perfectly comprehensible by means of 
description without the aid of drawings 
or diagrams. 

Piedmont appears to have been the 
birthplace of modules, for although irri- 
gation is essentially Oriental in origin, 


. 
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owing to its extreme reproductive power 
in hot climates, and though it was intro- 
duced into Europe by the Moors, we do 
not find, either in India or in Spain, where 
portions of these works still exist, any- 
thing approaching to a module. The 
systems employed in carrying out irriga- 
tion almost proved that they had not such 
a thing at all. In India the practice 
seems to have been to turn water on to a 
field until either the land-owner or the 
turner-on of water was satisfied, or per- 
haps rather until the land-owner was sat- 
isfied that he could get no more. No 
doubt this was the best plan to start with, 
as the object of irrigation was to water 
the fields sufficiently, and the land-owner 
being the best judge as regards how much 
water was required for his crop, this mode 
insured the observation of the proper per- 
sons, This plan was, however, open to 
one very serions objection ; when the land- 
owners discovered that an extra amount 
of water beyond that strictly necessary 
for the crop was in some cases capable of 
increasing the amount of produce to a 
small degree, they would take more water, 
either by stealth or otherwise ; the amount 
of perpetual squabbling on this subject 
would then have been very large, had it 
not been for the fact that in Oriental coun- 
tries irrigation works were made by ra- 





jahs, emperors, or chiefs, whose despotic 
rule and despotic institutions supplied a | 
very practical limit in such or agree 


having a considerable fall, water power 
was extensively used for driving corm 
mills. It is probable that there were a 
few water-driven corn mills both in India 
and in Spain, but there such mills would 
be a public institution, the miller being a 
servant of the community, generally liv- 
ing on a fixed income, or yearly pay, given 
either in kind or in money by all the 
neighboring villages using the mill. In 
Piedmont the mills were the private pro- 
perty of individuals, as they are at the 
present day in Europe; hence it was there 
that the first unit of water measurement 
was arrived at—the amount of water 
enough to drive a corn mill, which were 
probably then and there of about the 
same size and requirements. This amount 
of water then assumed a technical name, 
the ruote dacqua; the same thing in Lom- 
bardy being called a rodigine, in Modena 
a macina, and in the Pyrenees a moulan 
—the same circumstances in various 

laces leading to the adoption of a sim- 
ilar unit of measurement, which was nat- 
urally rather variable. In Piedmont the 
amount was generally about 12 cubic feet 
per second, and was supplied by an out- 
let 19 in. to 20 in. square, the water issu- 
ing free from pressure at the surface level. 
The next step was the introduction of a 
smaller unit of measurement for purposes 
of irrigation for discharges under press- 
ure, the Piedmontese oncia; which was 
a rectangular outlet 5.04 in. broad, 6.72 


moral or physical force. In Spain, under | in. high, having a head of water 3.36 in. 
Moorish rule, it is probable that this use-| above the upper edge of the outlet; its 
ful substitute for modules was also in| discharge was 0.85 cubic feet per second, 
vogue; but in the huertas, or irrigated | and this was the immediate parent of the 
lands, of Spain in more modern times, | Piedmontese module, and, as far as we 
and under Christian rule, the water being | know, the ancestor of all modules. 

the joint property of several villagesthat| Piedmontese Modules.—These, the most 
combined to keep the works in order, | perfect type of which is that ot the Sar- 
and legislated for themselves about the|dinian code, were designed or intended 
distribution of the water, the first great | to fulfil the following conditions: that 
step, the just division of the water on a| the water should issue from the outlet by 
large scale among the several villages, | simple pressure, that this pressure should 
had to be regularly carried out. The | be maintained practically constant, that 
canals being on a small scale, the division | the outlet meh be made in a thin square: 
was effected by equalizing the size of a| plate having vertical sides, that the issu- 
certain small number of outlets from the | ing water should have a free fall, unim- 


main canal into the subsidiary channels ; 
one village thus taking a fourth ora sixth 
of the total volume of water passing 
down the canal. 

In Piedmont the conditions were differ- 





ent; the country being hilly, and the 


water taken from streams and torrents | 


peded by any back-water, and that the 
water of the canal of supply should rest 
with its surface free against the thin wall 
or stone slab in which the outlet was 
formed. The following is a description 
of the general type: The water is admit- 
ted through a sluice of masonry, having 
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a wooden sluice gate working vertically’ 
into a chamber in which the water is sup- 
posed to lose all its velocity, and is kept 
to a fixed level mark by raising or lower- 
ing the sluice gate; the chamber is of 
masonry and has its pavement on the 
ame level as the sill of the sluice, the 
regulating outlet from this chamber being 
an orifice 7.854 in. square, having its up- 
per edge fixed at 7.854 in. below the fixed 
water level mark of the chamber. Its 
discharge is 2.04 cubic feet per second. 
If a larger discharge at one spot be re- 
‘quired, the breadth of the outlet is 

oubled or trebled, the other dimensions 
remaining unaltered. Such are the sole un- 
alterable conditions or data of this mo- 
-dule; all its others seem to have varied 
very greatly ; its sill is sometimes on the 
level of the bed of the canal of supply, 
‘sometimes above it, and sometimes below 
it, in which case a slight masonry incline 
"was made from the bed down to it ; the 
length and breadth of the chamber vary 
greatly, the former from 15 ft. to 35 ft., 
its form being circular, oval, or pear- 
shaped ; the side walls splaying outwards 
sometimes close up to the sluice, some- 
times not till near the regulating outlet, 
the object being to destroy the velocity 
of the water within the chamber. The 
lower edge of the regulating outlet is 
generally, but not — placed at 9.825 
in, above the floor of the chamber. The 
paved floor of the chamber is in many 
eases, but not in all, continued at the same 
level beyond the outlet. 

The practical advantages of this type 
of module consist, therefore, in having a 
chamber in which the water can be kept 
to a constant level, and hence from which 
the water can issue under a constant head 
of pressure through a regulating orifice 
of fixed dimensions. 

Milanese Modules.—The modulo ma- 
gistrale of Milan is the most improved type 
of Lombardian modules, the modulo of 
Cremona and the guadretto ot Brescia 
being very inferior to it in design ; its 
principal advantage over the Piedmontese 
modules being the fixity of dimension of 
almost all its parts; in other respects it 
resembles it very much, the principal dif- 
ferences being that the water chamber is 
always rectangular and covered by slabs, 
and is hence called the covered chamber, 
that its flooring has a reverse slope in 
order to deaden velocity, and that the 





masonry channel beyond the regulating 
outlet has fixed dimensions also, a portion 
of it being called the outerchamber. As 
to its general arrangements, the sluice of 
suppiy has its sill invariably on a level 
with the bottom of the main canal, which 
is paved with slabs near it; the breadth 
of the sluice is the same as that of the 
regulating or measuring outlet; the sluice 
— is worked by lock and level, being 

xed and locked at any required height 
by catch lock and key. As to dimensions, 
the covered chamber is 20ft. long, its 
flooring having a rise of 1.75 in. in that 
length, and its breadth is 1.64 ft. more 
than that of the sluice of supply; that 
is, .82 ft. more on each side; the lower 
surface of its covering of slabs or planks 
is fixed at 3.93 in. above the upper edge 
of the regulating outlet, which is the 
height to which the water must be kept 
to secure the fixed discharge. In order 
to gauge the water in the chamber, a 
groove is made in the masonry so as to 
allow a gauge rod to be introduced with- 
in at thesill of the sluice, which will read 
27.51 in. of water above the sill when the 
proper head of pressure exists; should it 
read more or less, the sluice gate must be 
raised or lowered. The outer chamber is 
7.86 in. wider than the measuring or reg- 
ulating outlet, its total length 17.79 ft. ; 
its side walls, which like those of the cov- 
ered chamber, are vertical, have a splay 
outwards, so that the width at the further 
end is 11.72 in, greater than at the outlet 
end; that is to say, it is there equal in 
width to thecovered chamber. To insure 
a free fall, the flooring of the outer cham- 
ber is 1.96 in. below the lower edge of the 
outlet, and has besides a fall of 1.96 in. 
in its length of 17.72 ft. 

The total length of the module is nearly 
37.75 ft., but its breadth is variable, ac- 
cording to the amount of discharge re- 
quired. If intended to discharge a Mi- 
lanese oncia magistrale, the Milanese unit, 
which varies from 1.21 to 1.64 cubic feet 
per second according to different compu- 
tations, say, 1.5 cubic feet per second, the 
measuring outlet is 7.86 in. high and 4,12 
in. broad, under a constant head of pres- 
sure of 3.93 in.; the breadth of the cov- 
ered chamber being 25.54 in., and the 
breadths of the open chamber 13.75 in. 
and 25.54 in, 

It is essential to the effective operation 
of the regulating sluice that the difference 
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of level between the water in the canal} urement of discharge ; the means applied 
and that in the module be at least 7.86 in.;|to deaden the velocity of entrance are 
and as the height of water in the latter! again different. 
must be 27.51 in., the depth of water in| The entrance into the channel through a 
the canal must never be less than 35.37 in. | wall is a passage 23.6 in.(.6 metre) square, 
or 3 ft., in order to allow the module to | sanintel by a well-fitting cast-iron door 
work properly. The following are the | raised by a screw ; the chamber is rectan- 
relative levels of the parts of the module, | gular, 10.37 ft. long by 7.20 ft. wide be- 
referred to the bottom of the main canal | low, 9.20 ft. above, the side walls having 
asa datum : a batter of 1 in 6. The bottom of the 
Inches. | chamber is horizontal and at a level .72 ft. 
Water surface in the interior of themodule = 27.51 | elow the sill of the entrancesluice. To 
utttnt at aunmee erence po Song — 'deaden the action of the water, a parti- 
Lower end of the same, ..............+0++ 11.79 | tion of ope ee | grating work is built 
across the chamber at a distance of 4 ft. 
Such is the type of the Milanese mo-| from the wall, and 5 ft. from the overfall 
dules, the dimensions being suitable for a_ wall of exit, it is 1.37 ft. broad, and has 
discharge of 1.5 cubic feet per second ; eight slits or vertical passages not cross- 
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unfortunately, in point of fact, the type barred, each slit being 5.4 in. wide. The 


has been rarely rigidly adhered to, and 
thus its advantages as a universal, or even 


water having been deprived of all action 
by passing through this arrangement, 


as a local water standard have been com-| enters the second portion of the chamber, 


paratively thrown away in practice. Its 
use, however, established a discovery that 
was at that time very important, viz: 
that larger outlets gave a greater dis- 
charge than that due to the proportion of 
their section for small ones; it was there- 
fore determined that no single outlet of a 
module should be made for a discharge of 
more than eight oncia or 12 cubic feet per 
second; when more than that was re- 
quired, two or more separate outlets could 
be used in the same module, or combina- 


‘and then passes over a weir having an 
iron edge 6.56 ft. (2 metres) long, fixed 
nearly on a level with the top of the en- 
trance sluice, or 2 ft. above its sill. The 
discharge required for irrigation being 
never to exceed 176 litres or 6.22 cubic 
feet per second, the depth on weir will 
therefore never exceed .5 ft., the sluice 
opening being 1.97 ft. square. 

There are two small side walls having 
a batter from above on either side of the 
sluice entrance, these walls projecting 





tion of modules. A gauge post was also | into the main canal, in order to protect 


found to be necessary in order to enable | 


the entrance and prevent silt from accu- 


the water guardians to adjust the sluice | mulating there, which otherwise, and per- 


accurately. 


haps even in any case, would have to be 


The principal defect of the Milanese | dug out occasionally. In order to keep 


modules is that, owing to the rush of| the chamber in proper working order, a 
water from the canal, it is nearly imprac-| keeper must be employed, and a gauge 
ticable to keep a constant head of pressure | post erected in the canal, with reference 
on the measuring outlet; besides this,|to which he lowers or raises the sluice, 
sand and fine silt vitiate the accuracy of|and keeps the water in the chamber 
amount of discharge. | always at a fixed level. 

Such are the comparatively ancient mo-| Itis evident that the changes may be 
dules, the Milanese modulo magistrale | rung on this species of module to a great 
being the most improved one of them. | extent without effecting great improve- 
Their type has been very much adhered | ment, by increasing the number and 


to in modern times; that of Messrs. Hig- 
gin and Higginson on the Henares Canal 
may be considered as the greatest im- 
provement that can be made on them, 
without departing from that type. In 


altering the positions of the sluices and 
overfalls, and modifying the arrangement 
for deadening the action of the water. 
This has been done in many cases without 
much result: it is hence not worth while 


this module, the entrance by a sluice into | to bring forward other examples of this 


a chamber for destroying velocity has 
been preserved, but the exit is an overfall, 
and hence more susceptible of exact meas- 





type, especially as also the occasional at- 
tendance of a keeper is absolutely neces- 
sary for all these modules, 
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THE DIAMOND ROCK-BORING DRILL. 


BY MAJOR BEAUMONT, R.E., M.P. 


From ** Journal of the Iron and Steel Institute.” 


Att new applications of machinery, being brought up by means of shells or 


must, in these times of high-priced manual 
labor, have a peculiar interest, especially 
to such a body of practical gentlemen as 
that which I now have the honor to ad- 
dress ; and the application of the diamond 
to the general purposes of mining will, I 
think, be allowed to be producing results 
well worthy of your attention. I appre- 
ciate fully the value of time, and shall, 
therefore, proceed at once to my subject, 
without making any introductory re- 
marks, or referring to other means of 
doing the same work as is done by the 
Diamond Drill, except so far as may be 
necessary to explain the difficulties which 
it is asserted the system under discussion 
overcomes, The patents for the Diamond 
Drill are extensively worked by the Dia- 
mond Rock-Boring Company, the results 
previously obtained having removed the 
system from the category of experiment, 
and established it as a recognized and 
practical success. As a rule, the Company 
neither sell machines nor let them out on 
royalty, but contract, at a fixed price, for 
the execution of work. The business 
taken up by the Company divides itself 
into four classes, in some of which a 
greater advance has been made than in 
others, 

1. The sinking of bore holes for the 
purpose of testing or prospecting for 
minerals, 

2. The driving of drifts, galleries, and 
tunnels, whether for mining, waterworks, 
or railways. 

8. The sinking of shafts. 

4, The removal of subaqueous rocks by 
blasting. 

All of you will have a general idea of 
how these operations are carried on. Still, 
in order to enable you to value the results 
obtained with the Diamond Drill, I shall 
recall the leading features of the position 
in which the application of machinery 
stands with reference to them. 

1. Bore holes are ordinarily put down 
by. giving a reciprocating motion to a 
chisel attached to the end of rods, length- 
ened as the hole is deepened, the debris 





augurs. This reciprocating motion is 
given either by manual labor or by 
power. A considerable difficulty and risk 
attends giving even a very moderately 
rapid reciprocating motion to a long col- 
umn of rods, and to get over this difficulty, 
and facilitate their withdrawal, Messrs. 
Mather and Platt have constructed ma- 
chinery whereby the cutting is done by 
the fall of a tool suspended from a rope, 
the great point of gain being the speed at 
which the necessary tools, either for cut- 
ting or removing the debris, can be low- 
ered to their work and withdrawn. At- 
tempts have, moreover, been made to 
apply a rotatory motion to steel cutters, 
but even in soft rock the progress so ob- 
tained has been extremely slow, because 
no steel can be got to withstand the 
abrading action of the rock. 

2. Headings are ordinarily driven by 
drilling holes and blasting them. Ma- 
chinery is applied to the drills by attach- 
ing them to pistons, actuated by com- 
pressed air in cylinders, a supply of water 
to clear the debris and cool the tool being 
used. The air is distributed by a valve, 
or valves, driven by suitable mechanism, 
and a rotating motion is given to the tool 
to obviate its striking two blows in the 
same place. All the percussive systems 
of boring machines in actual use come un- 
der the above description, varying in the 
greater or less degree of mechanical skill 
with which the parts have been arranged. 

Some machinery has been made which 
proposes to drive tunnels, at one opera- 
tion, entirely by machinery, and without 
the use of powder; but, Richerto, so far 
as I know, only a few yards have been so 
driven experimentally. 

3. Drills similar to those applied to tun- 
nel driving have been used for shaft sink- 
ing, but only singly, and I have not 
heard of any case where the speed of the 
— has been notably increased. 

4. The putting down of blast holes un- 
der water has always been considered a 
most difficult operation, because a blow 
cannot be struck under water, and I have 
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never heard of machinery being applied | diamond or piece of boart would do. This 
in this direction at all. I saw, on the|last substance, of which I hold a sample 
Suez Canal, rocks being removed by blast-|in my hand, is an impure diamond, and 
ing, but the holes were put in by ordinary | would seem to stand half way between the 
churn jumpers, worked from barges an-| brilliant and the carbonate. According 
chored in the stream. to the tables published in Ure’s “ Diction- 

The Diamond Drill is, in principle, quite | ary of Arts,” the following are the differ- 
distinct from any other system of holing | ent specific gravities and degrees of hard- 
rock, and works by rotation without| ness of some of the hardest stones: 
striking a blow. Its action is rather that Substance. Hardness. Sp. Gravi 
of abrading than cutting, and its effect is| Diamond fiom Ormus .. 20... 
produced by the sheer difference in hard- a re ‘ch 
ness between the diamond and the rock — and yellowls 
it is operating upon. There is really no Pale ditto from Brazil 
comparison between the hardness of the | Deep blue sapphire 
diamond and that of ordinary rock. Ifa/|Dittopaler..  .. 
diamond be kept rotating against a sand- bse “one 

gpl s itish ditto 

stone it would cut a hole, say a mile deep, | pmerald 
before it was seriously worn. It will be| Garnet 
seen at once that if this wonderful resist- aque 
ing power be properly taken advantage | V#¥* te te 
amadhine 8 ~ p Mcesaret that will | Wertz Sh + 
hole rock without striking blows. This| Now, as there is plenty of corundum or 
enables machinery of the simplest and|rubies and sapphires in the market at 
most ordinary character to be used, and|mere nominal values as compared with 
thus avoids those special difficulties that | those of carbonate, I thought they would 
the mechanic must face when he is driven | be advantageously used in place of the 
to utilize a large power in the production | latter, if only their hardness, as compared 
of percussive action ; moreover, machinery | with the diamond, was anything approach- 
can be applied in places where a recipro-| ing that which the tables led me to look 
cating motion, if admissible at all, would | for. On trying, however, both sapphires 

resent peculiar difficulties—such as mak-| and corundum, I found the above propor- 
ing a hole under water, or putting down | tions altogether wrong in point of hard- 
deep holes where, from the circumstances | ness: they were nowhere near carbonate, 
of the case, the cutter must be at a great| The trial that I put them to was as fol- 
distance from the source of power. lows: Iset a piece of carbonate in a 

The diamonds that are used are not val-| suitable holder, and held it against a 
uable gems, but carbonate, a substance| grindstone: the carbonate turned the 
that till lately had no commercial value,| grindstone down. On trying the same 
and was first introduced for the purpose| experiment with the other minerals, the 
of cutting other diamonds. It comes from | grindstone wore them down. I am of 
the Brazils in considerable quantities, and | opinion, therefore, that the diamond 
though it has not yet been discovered in| stands, in point of hardness of resistance 
the Cape diamond fields, it is more than | to abrasion (if the two are not synony- 
probable that it exists there, and, indeed, | mous terms), at an enormous difference in 
wherever the diamond is found. You will|advance of any other known material in 
see that its appearance is much like that | nature, and this seems a most remarkable 
of a piece of coal, or dull jet, and as unlike | fact. 
as it is possible to be to its brilliant sister, | The application of the diamond to rock- 
the ordinary diamond, though chemists | drilling is worked out as follows: The 
tell us that the two are identical in com-| stones are set in an angular ring, made of 
position. I presume that one is perfectly, | steel ; they are fastened in by making 
the other imperfectly crystallized ; and, if| holes as nearly as possible the size of the 
80, it is, no doubt, this very imperfect | stones to be set, and then burying them, 
crystallization that gives to carbonate its | leaving projecting only the amount neces- 
value for my purpose, as it has no, or next | sary to allow the water and debris of the 
to no, cleavage, and consequently does| cutting to pass; the metal is then drawn 
not split up and break in the way that a| round the stone so as to close it on every 
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side, and give as large a bearing surface 
as possible to resist the tendency of the 
stone to be forced out. I may here say 
the loss from breakage and from the stones 
being torn out is far more serious than 
from wearing ; in fact, with good stones 
having good broad running faces, the 
mere wear is quite trifling. A stone 
breaking out is always a cause of damage 
to the others. The crown so set is at- 
tached to the end of a steel tube and kept 
rotating against the rock at some 250 
revolutions per minute, Water is supplied 
through the hollow of the bar, whence it 
passes under the cutting face of the crown 
to the surface of the hole between the side 
of the latter and the outside of the borin 
tubes ; the diamonds are thereby kept oom 
and the debris from the cutting is washed 
away. The crown has to be kept pressed 
forward with a force depending on the 
nature of the rock to be cut, varying from 
400 Ibs. to 800 Ibs., when the cutting is 
done at speeds ranging from 2 in. to 4 in. 
_ minute. Granite and the hardest 
i 


mestones are readily cut at 2 in. to 3 in. 
per minute ; sandstone at 4in.,and quartz 


at lin. per minute. These speeds can be 
increased at pleasure, but I give them as 
representing the rates at which the drills 
are ordinarily run in practice. 

On the table is a sample of pure emery, 
which was cut at the rate of 2 in. per 
minute, by a crown which I now hold in 
my hand; and which has bored through 
6 in. of emery, 10 ft. of granite, and 95 ft. 
of hard sandstone; you will see that it is, 
so far as the diamonds are concerned, al- 
most as fit for work as ever. The emery 
was cut out of a block put under the drill 
for experimental purposes, merely to show 
how great is the cutting power of the dia- 
mond. No rock is met with in mining 
that approaches emery in hardness, and, 
indeed, it would be a most difficult opera- 
tion getting a hole put in it without a 
Diamond Drill. 

The cutters travelling in an annular 
ring, it follows that a solid core is pro- 
duced, an arrangement which, while it 
ensures a minimum of work being done to 
make a given-sized hole, affords evidence 
of the strata passed through, a fact which is 
invaluable for certain applications. Having 
explained the crown, and the way in which 
it cuts, Ishall now describe the machinery 
for utilizing it. 1st.—For prospecting. 
The drawings on the wall show two views 





of a prospecting machine, which are in all 
essential particulars the same as those now 
being used. The crown is screwed on to 
the end of steel tubes, which are succes- 
sively lengthened as the hole is deepened, 
the bars pass through a drill, and are 
gripped by a universal clutch, which 
causes them to turn. Set screws on the 
top of the quill steady them centrally at 
their upper ends; the quill is attached to 
a cross head which slides between two 
vertical uprights, and weights are pro- 
vided, working over pulleys, by which 
the weight of the boring-rods and cross 
head are either increased or balanced, 
when extreme depths of holes are reached. 
The water is supplied by a force pump 
passing to the hollow bars through the 
union at the top of the quill. The other 
gearing about the apparatus is for raising 
and lowering the rods by power. It con- 
sists of a crab, and the lifting is done by 
means of a chain or rope passing over a 
pulley attached to shear legs across the 

ole. Two descriptions of boring tubes 
are used, as shown by the sketch, one of 
which is more expensive than the other, 
but it is stronger, and at the same time 
being nearly flush on the outside, there is 
less risk of the rods jamming in the hole. 
Suitable tackle is provided for recover- 
ing the tubes when they break, and their 


‘| hollow form makes them peculiarly easy 


to get hold of. It very rarely happens 
that any are permanently lost. The usual 
plan for lifting them is a taper tap which 
enters into the hollow, when a few turns 
suffice to get a firm grip. The following 
table shows the dates on which some bore 
holes have been commenced and finished- 
and at this moment the Diamond Rock, 
Boring Company have over thirty ma- 
chines either at work or about to com- 
mence, all of which are keeping fully up 
to the average of speed there shown. 

I beg to read one of the many certifi- 
cates given, as I think that independent 
testimony of work actually done would 
be more satisfactory than any statement 
of mine: 

“Dunpraw, Wicron, June 2, 1873. 
“To Masor Beaumont, R.E., M. P. 

“Dear Sir: I feel that I should not 
be doing my duty to the Diamond Rock- 
Boring sy age A without adding my tes- 
timony as to the speed, excellency and 
satisfactory manner with which ad 
Prospecting Machine (No. 14) has done 





~ ie, a ee | 


=. i ome ae 


THE DIAMOND ROCK-BORING DRILL- 4T 





its work for me in Ireland. The Bore- 
hole at Ballycloghan was commenced on 
the 7th of Apri] and completed on the 23d 
of May, when a depth of 5584 feet was 
reached, the whole of which was bored 
through hard basalt and whinstone. Dur- 
ing this time the machine was ordered to 
stop for a week for consultation with an- 
other gentleman as to the advisability of 
going deeper ; and, allowing for this, and 
also Sundays and wet days, the daily av- 
erage was within an inch or two of 20 feet 
per day, and upon two days a depth of 





over 40 feet each day was bored at one 
time, and in the presence of myself and 
several other gentlemen, the machine was 
boring at the extraordinary speed of 3 
inches per minute (whinstone), An enor- 
mous quantity of core was daily extracted, 
and a complete section with perfect speci- 
mens was easily made. I may add I hope 
soon to require another machine or two to 
bore near here and in Scotland. 
“T am, yours very trul 
(Signed) ‘ contin 
“R.A. Watson, C, E.” 


STATEMENT SHOWING RESULTS OBTAINED IN SOME OF THE BOREHOLES EXECUTED BY THE 
DIAMOND ROCK-BORING COMPANY. 





] 
Includin tting 
Mochines S the 

Ground, &c. 


Locality. What for. 


Com- 
menced. | Ended. 
r 
| 1872. 1872. 
Girrick.........| Tronstone.... Oct. 1 | Nov. #0 
Mooreholme... ....| Junel | July 27 
1873 





| 
| 


Fishburne Nov. 9 Feb. 1 

1873. 
Feb. 22 July 22 | 
| _ 1872. | 
Dec. 31. July 13 








1873. | 
Feb. 16 | Apri. 12 


Tronstone....| Mar. 16 June 7 





Ballymena..... | 





Remarks. 


Actual Work- 
ing Days. 





May 4 | 


Ironstone. 


| Tronstone found, 


Coal found. 
{ Boring stopped on the 22d 
July. 
802 0 | aa stopped, and com- 


menced in another place. 


Commenced boring at 387 ft. 
below the surface of the 
ground. At 452 ft. sed 
a seam of coal 1 ft. thick ; at 
587 ft. a seam 6 in. thick ; at 
654 ft. Gin. a seam 4 ft. 
thick ; at 696 ft. through a 

| seam 5 ft. 10 in. thick, 
| Ironstone found, 


60 640 2 
42 | 5585 | Nothing of value discovered. _ 


The greatest speed attained was at Waluff, in Sweden, when 304 ft. 63gin. were put down in one week. 


Insoft strata,such as clay,sand andalluvial 
deposit, the diamond system is of no use, 
and in such ground we always use the 
ordinary method of boring, turning to 
the diamond nag rock is reached, I 
may add, however, that the boring tubes, 
pump for supplying water, and the whole 
arrangement of pros ecting machinery 
ee ge git of the diamond crown), is 
ound of great use in getting through the 
soft, and fixing any necessary lining 
tubes, The actual speed of cut is the 
same as that previously quoted. There 
is, however, no advantage in cutting at 
80 rapid a rate, as the time employed in 
actual boring is as nothing compared with 
that which is consumed in lifting and 
lowering the rods. Different distances 
are bored without lifting, according to 





the nature of the strata, and the necessi- 
ty for obtaining information. The core, 
when formed, is passed into a core tube, 
and is kept from talling out on withdraw- 
ing the rods by means of sliding wedges 
or clips, which allow the core to pass 
freely up, but prevent its returning. 
The great advantage claimed for this sys- 
tem of boring consists in the speed ob- 
tained—work being done in less than 
months that formerly took years, and in 
the fact that sample cores of the strata 
assed through are obtained. To real- 
ize the benefits likely to accrue from these 
facts, one must remember the unsatisfac- 
tory evidence afforded by the powdered 
material brought up by the ordinary 
method. 
Shafts have sometimes been put down 
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in wrong places; and it is always of im- 
portance to know the strata to be sunk 
through; hence, I think, in future, few 
pits will be sunk without first accurately 
testing the ground by actual boring. 
Unless such a speed as the Diamond Drill 
os were possible, this course could not 

e followed, as, though it might be well 
worth while to delay a sinking for a 
month or two for perfect information, it 
‘would be quite impossible to do so for the 
‘same number of years. 

Turning to tunnel driving, you have 
before you a drill such as is actually used 
for that purpose, the leading features of 
which are that the drill shaft is screwed, 
and is driven by means of a longitudinal 
slot and feather. Gravity, as in the case 
of the prospecting machine, cannot be 
used ; hence the advance is given by a 
nut driven by differential gearing. ‘The 
feed would be positive were it not that 
the connection between the nut and the 
driver is by means of a friction break 
around the former. The break is held 
together by an adjustable spiral spring, 
and one of the lugs to which this spring 
is attached forms the driver of the nut; 
hence, when the power necessary to drive 
the nut exceeds the compression at which 
the spring may be arbitrarily set, the 
break not only slips but is actually taken 
off the nut. This arrangement has never 
failed in practice, and the drills may be 
relied upon with absolute certainty to re- 
lieve themselves whenever the pressure 
necessary to cut the rock exceeds a cer- 
tain amount. Such an arrangement as 
this is necessary, since the rock is always 
variable in hardness. The drills, not be- 
ing subject to the heavy blows which per- 
cussive action would throw upon them, 
are not more liable to deterioration than 
ordinary machinery. Some drills are now 
in good order, oe | at work, which were 
made three years ago, having since then 
cost next to nothing for repairs. Any 
number of drills that may be required 
are mounted on standards, which are con- 
nected with the air motor behind them, 
so as to be all driven from it. Each drill 
can be stopped and started independently, 
and as they work equally well, no mat- 
ter how they may be angled, Loles can 
be put in in positions where a miner 
would find it extremely difficult to work. 
‘The general arrangement of the compa- 
ny’s tunnel-driving machinery is shown 





by drawings exhibited, and I would draw 
your particular attention to the method 
of fixing and removing the machinery. 
The pas A on the top of the standards fix 
the whole firmly in position, while on 
their being slackened and the standards 
tilted back, which is done by the ma- 
chine itself, the whole is on wheels and 
free to move. Twenty minutes suffice 
ordinarily to get the machine ready for 
work, and it could be done in less time. 
In applying machinery to driving head- 
ings, and speaking only of those machines 
that operate by holing the face of the 
heading, and use explosives, there are 
two broad systems of working, which 
have been followed. One is, to endeavor 
to imitate the action of the miner who 
seeks to put in his holes to the best ad- 
vantage, watching each shot and angling 
the next accordingly, and putting down 
at the most three or four holes before fir- 
ing. The other system is, to cisregard 
the lay of the rock and the result of the 
previous firing, putting down such a num- 
ber of holes as to make an absolute cer- 
tainty of the rock being fetched to a 
given depth. All attempts to solve the 
question of tunnel-driving machinery b 
the first system seem to me to have failed, 
while the second, if fully applied, has al- 
ways been successful. In practice, the 
— difficulty consists in bringing 
orward and fixing the machinery, and its 
subsequent manipulation, and as all bor- 
ing machines once fixed put down their 
holes in a very few minutes, it follows 
that ease of management and exemption 
from break-downs is a far more important 
element of success than mere rapidity of 
holing, which, indeed, all systems that I 
have seen possess. The following state- 
ment, taken from actual practice, will ex- 
emplify what I mean: In a gallery 
driven in compact mountain limestone, 
by the Diamond Boring Company, as an 
advanced heading for a tunnel in connec- 
tion with the Great Western and Mid- 
land Railways at Bristol, thirty to forty 
shots were required to bring away the 
face, the holes being 3 ft. 6 in. deep, and 
an advance each shift of about 3 ft. 3 in. 
being obtained. Six drills were employed, 
their average speed of holing being 2 in. 
per minute, 30 holes at 3 ft. 6 in.—105 ft. 
and six drills at 2 in.a minute—1 ft. per 
minute, or the complete holing was done 
in 105 minutes = 1 hour 45 minutes, of 
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actual working. As a matter of fact it 
was very good work to get the lot holed 
in four hours. Supposing now the drills 
had been speeded to 3 in. per minute, or 
50 per cent. quicker, the holing would 
have been done in a little over an hour, 
which would have shown a saving of 
only half-an-hour in four hours. My aim 
has therefore been to take a reasonable 
rate of speed like 2 in. per minute, and 
by so doing get certainty of obtaining 
a given result without break-downs, 
rather than trying for a tour de force in 
actual rate of cut. Exploding the holes 
is done successively, beginning with the 
central holes, which are angled, and pro- 
ssing successively to the outside ones. 
i: Mont Cenis, the length of their ma- 
chines precluded the possibility of ang- 
ling, hence vay | were driven to obtain a 
first opening by putting down larger 
holes in the centre of the heading, which 
were not fired. The Diamond Drill be- 
ing shorter, enables the drills to be 
angled, and the centre is blown without 
the aid of empty holes. I think it likely 
this is the cheaper plan, but I am not clear 
that the Mont Cenis engineers did not 
choose the more expeditious one, as the 
fact of angling means a loss of progress. 
In comparing the diamond system with 
the Mont Cenis or other good system of 
reciprocating drill, mounted in such num- 
bers as to have a proper command of 
holing power, I do not contend that there 
is much advantage in favor of the former 
in point of speed, as in either case the 
holes can be put in any reasonable fixed 
time. I submit, however, that there is a 
certain gain, owing to the holes being 
true cylinders, and to the non-liability of 
the drills to break down, the machinery 
getting out of order being always a fear- 
ful source of delay. The great advan- 
tage claimed for the diamond system is 
its economy. No drills have to be sharp- 
ened, the plant is no more liable to get 
out of order than ordinary machinery, 
and the air in the motor can be used ex- 
pansively, against which have to be set 
the wear of the diamonds, and the fact 
that the motor must be kept running 
whether one or six drills are at work. 
The latter disadvantages are, however, 
more than counterbalanced by the former 
advantages. The certificate of Mr. Brun- 
lees, the engineer for the Bristol Tunnel, 


“ Cuirrron TUNNEL, 

Westminster, May 13, 1872. 
“'To the Machine Tunnelling Company : 

“ GENTLEMEN,—Last week I had the 

pleasure of seeing your Diamond Borer 
at work in this tunnel. 
| “The material through which the tun- 
/nel is being made is hard mountain lime- 
stone, with numerous joints filled with 
eale. spar. 
“The heading, which measures about 
| 10 ft. by 8 ft., was previously driven by 
hand labor at an average speed of 9 1-2 ft. 
per week, 

“The boring machine, during its first 
week of actual work, advanced the head- 
ing 26 ft., though the men only made 
eight shifts, the rate of progress ed shift 
3 ft. 3in. The result of the week’s work 
was, therefore, nearly three times that at- 
tained by hand labor, and it is only rea- 
sonable to assume that when the machine- 
men are fairly up to their work they will 
be able to bore 4 ft. per shift, and make 
twelve shifts per week. 

“Hence there can be no reasonable 
doubt that the advance of the heading 
will become 48 ft. per week, or about five 
times that of hand labor. 

“So far, the diamonds show no symp- 
tom of wear, nor have any of them got 
loose in the setting. 

I am, gentlemen, yours truly, 
(Signed) “James Brun LEEs.” 


SHAFT SINKING, 


| The plans on the wall show the plant 
| which is now about to be applied to sink- 





| 
| 
| 





|ing two pits, each 700 yards deep, for 
| Harris’ Navigation Company, in South 


Wales. The shafts are not yet ready to 
receive the machinery, or it would long 
ere now have been at work. It will be 
seen the principle is the same as that 
which obtains in the tunnel-driving ma- 
chinery, viz.,a pair of girders or stand- 
ards carrying as many drills as can con- 
veniently be put on, which latter are 
driven by a double cylinder compressed 
air engine, and each drill can be stopped 
and started singly. The system of work- 
ing may be the same as that which I 
have described for tunnel driving, but as 
the Diamond Drill bores a hole equally 
well 100 as 1 ft. deep, it is in contempla- 
tion to apply a new principle which the 
different circumstances which obtain in a 





is as follows: 
Vor. XIL—No. 1—4 


shaft, as compared with a heading, ren- 
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der practicable. In place of drilling a 
series of holes 3 ft. to 4 ft. deep, the 
holes will be carried, at one operation, say 
100 ft. deep. The machinery will then be 
removed, and the blasting continued, un- 
til the whole depth bored has been reach - 
ed. The anticipated advantages of this 
system are that the on yi | will only 
require fixing once; and further (which 
is the main point), the operation of drill- 
ing can be carried on whether there is 
water in the shaft or not. Of course, 
100 ft. is an arbitrary depth, and as the 
drill never gets out of truth, there is no 
reason why the holing 500 ft. deep should 
not be done from the surface, or so soon 
as the rock may have been reached. I 
quite anticipate that since the holes are 
all straight, or nearly so, it will occa- 
sionally happen that there will be no free 
side to blow to, or, in other words, the 
shaft will be fast, but in that case it will 
be easy to free it by putting in a few 
hand holes. I am given to understand 
that in America this system has been 
tried with very favorable results, and I 
hope shortly to test it fully. If success- 
ful, the enormous difficulty which dealing 


with water always presents will be mate- 
rially lessened, and a considerable econo- 
my both of time and money will result in 
sinking shafts, as the most tedious part 
of the operation, namely, the holing, can 
be done by machinery from the surface 
and irrespective altogether of the ques- 


tion of water. I shall have much pleas- 
ure in communicating to any one in Bel- 
gium interested in the subject, the results 
that may be obtained. 


REMOVAL OF SUBAQUEOUS ROCK. 


As regards the removal of subaqueous 
rocks, the drawings on the wall show the 
plant now being prepared to carry out a 
contract for the removal of rocks in the 
river Tees. ‘The contract is between the 
Diamond Rock-Boring Company and the 
river Tees Commissioners. The work to 
be done consists in the removal of a scarp 
ot rock 600 yards long by 200 yards 
broad, with an average of 20 feet of 
water over it at high tide. The rock is a 
terrible bar to navigation; it cannot be 

ot away except by blasting, and to hole 
it by hand from a fixed stage would bea 
most costly and laborious operation. 
The plant consists of a barge, supported 
‘on legs, adjustable to suit the irregularity 





of the bottom of the river. It is pro- 
vided with an engine and boiler, capable 
of driving 24 drills. That number of 
holes can be quite easily put down in a 
tide, as each hole 8 feet deep will not 
take more than an hour to drill. The 
dynamite, which is the explosive to be 
used, will be introduced through the same 
tubes which guide the drills, and the 
holes will be exploded so soon as the 
barge has been shifted to a fresh scene of 
operation. The arrangements are such 
that the holes will be loaded and fired 
without the employment of divers. A 
single drill has already been used on the 
rock to prospect it, and a few shots 
fired, sufficient to show that the designed 
interval of 10 feet from centre to centre 
of the holes admits of the rock being suf- 
ficiently broken up for dredgers to re- 
move it, and at the same time the action 
of the drill under water was seen to be 
perfect. I give a general sketch of the 
machinery used for prospecting under 
water, and which was specially designed 
to meet the case of a rough sea; the sin- 
gle pile offers no resistance to the waves, 
and the power required to drive the drill 
can be conveniently taken from a barge 
or tug alongside by means of steam 
through a flexible tube. The Diamond 
Rock-Boring Company are cftering to un- 
dertake the removal of the Daunts Rock 
near Cork harbor, and other sunken 
rocks in seaways; and for this purpose 
the Diamond Drill is submitted to be 
unrivalled, owing to the fact of its work- 
ing as well in water as in air, and its be- 
ing independent of the distance at which 
the boring may be carried on from the 
machine itself. In the limits of such a 
paper as this it would be impossible to 
go more fully into detail than I have 
done. The whole and sole claim to mer- 
it on the part of the Diamond Rock Drill 
consists in the fact that the use of car- 
bonate enables rotatory to be substituted 
for reciprocating motion. Percussive 
machinery must, from its nature, be ex- 
pensive, and, in some cases, it is especially 
difficult, if not impossible, of application. 
I lave not alluded tothe use of com- 
pressed air in tunnel driving, which is 
common to any system; but I may be 
permitted to say that the value of com- 
pressed air as an adjunct to mining, is 
only now beginning to be properly recog- 
nized, and in proportion as _ it 1s intro- 
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duced for underground winding, pump- 
ing, and other purposes, so it will fa- 
ailitate the introduction of machinery 
for tunnel driving, as the compressing 
machinery necessary for setting drills 
in motion becomes a serious consider- 
ation when it has to be put down for 
that purpose only. 


DISCUSSION, 


Mr. Steavenson had had the honor, 
two or three years ago, when in London, 
to be asked what his feeling was about 
driving a driftin Cleveland, and for that 

urpose using the rock-boring machine. 
fe appeared to him at that time to be a 
machine which was useful in the main for 
working very hard stone or for very deep 
holes, and he then advised Major Beau- 
mont that, as faras he could judge, the 
stone and rock in Cleveland was not such 
as would afford a suitable opportunity for 
employing his drill, it being very soft, and 
before he could even fix a large heavy 
machine like that, the material would be 
all to pieces. He (Mr. Steavenson) still 
thought that for very hard rocks and tun- 
nels—where a number of holes had to be 
driven at one place, and for those alone— 
would that machine be found suitable 
for boring. He would be glad if Major 
Beaumont would point out to them how 
he managed in the event of his losing 
one of the diamonds in the head of the 
machine. He (Mr. 8.) would like to 
point out one or two of the little weak- 
nesses that had occurred to him, so that 
Major Beaumont might explain to them 
exactly the benefit of the invention, and 
how he overcame any little difficulties 
that he met with. The first and fourth 
heads were those under which it appeared 
to him it would be most useful, particu- 
larly for putting down holes in order to 
try hard rocks, and under that head he 
{Major 8.) had not put it to them as he 
(Mr. Steavenson) thought he might take 





the liberty of doing, viz.: That it afforded 
an opporturity of seeing the exact nature | 
of the rock, which no other system of'| 
boring did. When they got out those | 
cores—supposing they were passing 


they could see at once whether it was 
good throughout—whether it was mixed 
with band, or in what condition it was; 





and he knew that already in Cleveland a 


depth of 600 feet had been bored in about 
three months, and the nature of the seam 
was shown ina manner that was most 
valuable to those who wished to see the 
trial hole put down. There was another 
— to which he did not see that Major 

eaumont had alluded. Instead of cut- 
ting out the hole, as was done in the old 
boring, he simply cut the circumfereuce, 
thus having much less to do than with the 
common drill, and that enabled him to do 
the work with less labor. That was one 
great advantage, and one which he did 
not recollect hearing Major Beaumont 
mention in his paper. 

Mr. Cockburn had the opportunity, a 
short time ago, of putting down one of 
the deep holes in Cleveland, by Captain 
Beaumont’s machine, on a piece of ground 
that had not been proved before. They 
started the hole on the 8th of June, 1872 
—the depth was 641 ft.—and they fin- 
ished it on the 25th day of July, although 
they had been standing still for something 
like two weeks for want of water for 
driving the apparatus. Not more than a 
quarter of a mile from the hole where 
that machine was put down, he (Mr. 
Cockburn) started to bore a hole by hand 
on the 6th day of July, 1871, and did not 
complete it until the 4th day of May, 
1872, and he could safely say that the 
great difference between the hand boring 
and the machine tunnel boring was some- 
thing that they could hardly fairly bring 
their minds to bear upon, for the simple 
reason that they could not get anything 
up out of the hole made by the old hand 
system of boring, but what was broken 
piece by piece into small dust, so that they 
then had very imperfect samples as the 
result of boring the holes, and more than 
that, they found great difficulty in boring 
holes of that description. If they got 
into a hard rock, they very frequently got 
chippings from amongst the debris, and 
the wearing of the chisels, which gave 
them a false impression of what they were 
raising as a whole, but on the other sys- 
tem they could get—as Mr. Steavenson 
said—borings that would show them the 
nature of the seam from end to end; they 
could, in fact, by the machine, get as 
complete a section as though they had the 
hole laid open before them, and it afforded 
him great pleasure to bear testimony to 
the expeditious and satisfactory way in 
which the Rock-Boring Company had 
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done their work in Cleveland for Messrs. 
J. W. Pease and Co, 

Major Beaumont said, with reference 
to the question that Mr. Steavenson asked, 
as to what he did when a diamond came 
out, he had only to say that he put an- 
other one in. The value of the machine 
turned entirely on the question whether 
the loss of diamonds was or was not cov- 
ered by the value of the work that was 
done. The Rock-Boring Company had 
now a very large amount of carbonate, 
and they were continually buying. Some- 
times they would bore perhaps 400 or 500 
feet and the stones were barely touched 
at all, and there would consequently be 
next to no loss, so that 500 feet would then 
be done at a sum considerably below what 
the tools could be sharpened for; then, 
they would come on to rock where pieces 
of quartz were mixed up with the stone, 
or they might come upon that which was 
the worst material they had to deal with, 
viz.: a gravel conglomerate; the ground 
would suddenly pass from hard rock to 
soft, and vice versa, causing perhaps one 
stone to break, doing £7 or £8 worth of 
damage in a hundred revolutions; but if 


they averaged the total a on 


diamonds, and compared that with the 
amount of work that was done, then— 
without absolutely mentioning an exact 
figure—he could say that the cost of the 
diamonds was well indeed within the value 
of the work that they did. With refer- 
ence to the other point, that of tunnel- 
driving in soft strata, there was no doubt 
that that system of boring would not, and 
could not, in his (Major Beaumont’s) 
opinion, work advantageously ; the harder 
the rock, the greater the proportion that 
the labor of putting down the holes bore 
to the whole work that had to be done. 
Thus, if they took the two extremes, they 
might get a heading—and there were 
plenty of such in the coal measures— 
where, without using a machine, it could 
be driven at the rate of 5,6, or? yards 
in a week. Where that was the case, he 
doubted whether they could do more than 
double that rate,and that at an increased 
cost. Then another extreme was, where 
it was very hard, he (Major Beaumont) 
had known a gallery where they could 
only do 2 feet to2 feet 6 inches in a week, 
and in such a rock they could do in one 
year what would otherwise take 6 or 7. 





Then if they took the more ordinary cases 
—for instance, what he called a gallery in 
bard rock—say one that could be driven 
at an average of 3 yards a week, they 
would then bring that 3 yards up to five 
times that, and do at the rate of 15 yards 
a week. When they come to the ques- 
tion of cost, it was a very difficult one to 
enter upon, and he did not intend to doit 
then; but he might say broadly that when 
they took invo consideration the question 
of putting down the machinery and pro- 
viding the power—taking into account 
also the various drawbacks to its use— 
they would find that machines could not 
drive headings as economically as they 
were driven by hand, and if they added 
to the cost the royalties that had to be 
paid for the machinery, they would see 
that the cost of driving headings by ma- 
chinery was certainly in excess of that 
for which they could be driven by hand, 
that excess representing from 1} to twice 
as much. The point then to consider as. 
to the application of machinery was this: 
Is the fact of being able to do in one 
year’s time what would ordinarily take 
from four to six years’ time, worth paying 
so much more for, or is it not? He (Ma- 
jor Beaumont) could quite understand 
that in many cases, where it was desirable 
to open a mine rapidly, it was worth the 
owner’s while to pay double, but in sim- 
ilar kind of work, where time is not so 
important, it might not be to the owner’s 
advantage to pay double. They would 
permit him to say that he hoped the time 
would shortly come when they would be 
able to offer to the mining world some- 
thing that would drive headings as eheap- 
ly by machinery as could now be done 
by hand labor. It seemed to him that 
machinery was being applied in all 
branches very successfully, and that that 
“age branch, viz., driving galleries 

y machinery, was, unfortunately, the 
most behind-hand of all. With reference 
to the other question asked as to the 
annular form, he had, he thought, touch- 
ed upon it in his paper, but only very 
slightly, and after all—as they under- 
took to do the work—the quest!on wheth- 
er it required a little more or a little 
less power to drive the machine, was 
one that concerned the contractor 
rather than the employer of the machin- 
ery. 
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AS USED BY 
COMPANIES 


From *‘The Universal 


Tae Minister of Public Works to the 
French Gevernment made a collection of 
drawings, models, and books relating to 
engineering, to be sent to the Universal 
Exhibition of 1873, as he did in the case 
of the ether international competitions 
that preceded, 

Notwithstanding the short space of time 
which has elapsed since the Great Exhi-| 
bition opened in 1867 at Paris, and the) 
great drawbacks caused to ingenuity and | 
to enterprise of all kinds by the misfor-| 
tunes of the war, only those works were 


STEEL RAILS 





THE PRINCIPAL RAILWAY 
IN FRANCE. 
Review of Mirin:.” 


and information of the highest interest, 
and we hope to give critical abstracts of 
the matters they treat of. 

In this number we publish the remarks 
on steel rails as used by the principal 
French railway companies, At Vienna, 


the official Exhibition contains several 
samples and a portfolio of drawings. 


Compagnie des Chemins de Fer de U Est, 


The Compagnie des Chemins de Fer de 
l'Est have had laid down, on those por- 
tions of its system where thre is the 


admitted which had been taken in hand| greatest traffic, short lengths of perma- 
or actively prosecuted since that time, and | nent way with Bessemer steel rails sup- 
which had not been before exhibited. ‘plied by the principal French works 


The Minister has published a volume of 
notices, divided into two sections, in ex- 
planation of this exhibition. 

The first comprises : 

1, Documents relating to means of com- 
munication. 

2. Maritime works. 

3. Lighthouses. 

4, Various subjects. 

The second treats on mines. 

In addition to this, an historical and 
Statistical treatise on the means of com- 
munication in France, by M. Felix Lucas, 
engineer for highways and bridges, claims | 
a place in this notice. On account of the | 
general interest of the subject matter, the | 
Administration have decided to authorize 
a separate publication of this treatise, 
which is divided into five portions, viz.: 

1. Roads and bridges. 

2. Railways. 

3. Internal water communication. 

4, Seaports. 

5. Lighthouses and beacons. 

Each of these heads forms the subject of 
a chapter divided into paragraphs, in which, 
after the official documents, the author 
collects the principal facts—historical, 
technical, administrative, commercial, eco- | 
nomical, and financial—which bear upon | 
the subject. Statistical tables, inter- 
spersed in the text, give detailed infor- 
mation on the most important points. The 
treatise is not brought down toa later date 
than the year 1870. 

These two volumes contain documents 





(Terre-Noire, Rive-de-Gier, Creusot, Saint 
Jacques, Montlucon and Imphy). 

These rails, samples of which are ex- 
hibited, are of the Vignoles type, and of 
the same section as iron rails of 35 kilo- 
grammes to the lineal metre, which have 
been for a long time in use on that com- 
pany’s system. Their weight, on account 
of the different density of the two metals, 
is as high as 36 kilogrammes to the me- 
tre. 

Each rail, six metres long, rests on joint 
sleepers, with bearing plates, turned up 
on both edges, placed between; and 
upon six intermediate sleepers 90 cen- 
timetres from centre to centre. They are 
fixed by means of galvanized-iron wood 
screws. 

An experiment was made by the Eastern 
Company in order to compare the relative 
endurance of steel and iron rails. In the 
month of March, 1866, a portion of the 
main line, at the terminus of La Villette, 
subjected toa great amount of traffic, was 
laid with sixty Bessemer steel rails and 
sixty iron rails, six lengths of iron alter- 
nating with six lengths of steel. 

By the month of March, 1872, a gross 
load of about twenty-nine million tons 
had passed over all these rails, when 
thirty-one out of the sixty made of iron 
had already been taken up at periods 
more or less remote, and the wear which 
the remaining twenty-nine had suffered 
seemed to show that they were unable, 
taken together, to bear safely a mean 
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greatest strain of twenty-four million 
tons; these iron rails were, however, of 
first-rate brands, 

The steel rails, subjected to the same 
amount of wear and tear, were found to 
have only suffered a very regular wear- 
ing away, which was measured with the 
— exactitude by taking impressions 
rom them in wax. This wear amounts 
to 1 millimetre for every twenty-six mil- 
lion tons where the traffic was normal, 
but is appreciably greater in places where 
the breaks were applied constantly, al- 
though even in that case the steel rails 
stood well. 

The Eastern Company has also made 
some experiments on the relative dura- 
bility of steel and iron rails, which have, 
in every particular, confirmed those of the 
Northern Company. They may be sum- 
med up as follows: 

On being bent, the elasticity of iron 
rails commences to be impaired under a 
— corresponding to less than 25 

ilogrammes per square millimetre, and 
their modulus of elasticity, E, is equal 
to 14.3x10°.. The resistance of steel 
rails up to the limit of elasticity rises to 
38 kilogrammes, or one and a-half times 
that of the iron rails, and their modu- 
lus of elasticity is equal to 18.4 x 10°. 

Nearly all the iron rails break under 
a pressure of less than 8,250 kilogram- 
mes, while all the steel rails stand up 
to 9,500 kilogrammes, which is the 
ae Sy pressure that can be attained 

y the testing apparatus. 

With a monkey of 300 kilogram- 
mes’ weight falling upon the middle of 
a rail resting on two supports 1.10 me- 
tre apart, the mean height from which the 
iron rails were fractured is 1.60 metre, 
while that of the steel rails exceeds 4.60 
metres ; besides which, a greater portion 
of these rails could not be broken under 
a fall of 5 metres, the greatest momentum 
that could be obtained with the appara- 
tus. At the same time, the steel rails, 
while being tested, lay on a cast-iron an- 
vil weighing 10,000 kilogrammes, while 
the iron rails were supported by a frame- 
work of wood set in masonry. 

It is, therefore, certain that the ratio ot 
resistance to a bending strain in steel and 
iron rails of the same section is equal to 
1.5 up to the limit of elasticity, and that 
the ratio of their relative resistance to 
fracture by a blow is even still greater. 





These considerations have induced the 
Eastern Company to work out a standard 
for Bessemer steel rails of reduced section, 
as had already been done before by the: 
Northern Company. The new steel rail 
ot the Eastern Company will weigh 30 
kilogrammes per metre, and will differ 
very slightly from that of the Northern 
Company. The joints will be made out 
of the perpendicular by means of fish- 
plates, and the rail, 6 metres long, will 
rest on 6 intermediate sleepers distant 
0.90 metre apart. The tendency to slip 
longitudinally will be counteracted by a 
special piece butting against the fish- 
plate; this arrangement will prevent the 
necessity of notching the flange of the 
rail. 

The data which we have just recorded 
were submitted to the superior adminis- 
tration, and by a decree dated 18th 
of last January, the Eastern Company 
was empowered to use onits system steel 
rails of the weight of 30 kilogrammes: 
per metre. As the manufacture of the 
rails has not yet commenced, the Eastern 
Company were not able to exhibit a 
specimen. 


THE MIDI RAILWAY COMPANY. 


The Midi Company adopts steel rails 
on those portions of its system where the 
traffic is heaviest. 

These rails, whether manufactured by 
the Bessemer or the Martin process, are 
supplied by the various French houses 
that have put up the plant necessary for 
carrying out these processes, that is to 
say: Imphy, Creusot, Terre-Noir, Fir- 
miny, and Commentry. 

With few exceptions, all the rails in 
use on the Midi system are double headed, 
and their section is the same as that of 
ordinary iron rails, 

Metres. 
Length of rail 
Distance between centres of joint 
sleepers. 
Distance between centres of inter- 
mediate sleepers...........++ 
Kilogrammes. 
Weight of Martin steel rail sup- 
plied by the ene Company’s 
iron and steel works—make of 


(The Company has besides em- 


ployed Bessemer steel rails of 


7 





STEEL RAILS. 


55 





the same section, supplied from 
the works of Terre-noir and 
Bességes. ) 

Chairs from the Marquise Works 
(Pas-de-Calais), made in 1869 
—weight of a chair . 10.200 

Spikes made at the Devaux Works 
at Vieux Condé (Nord) in 1872 
—weight of aspike...... 

_ Keys supplied by M. Bastiat, of 

ax (Landes), make of 1872— 
weight of a key eee 

Fish-plates from the Alais Works, 
make of 1873—weight of a pair 

Fish-bolts turned out from the 
works of M. Vankalck near Val- 
enciennes, in 1873—weight of 
BRE cseccces 

Brunel rail, cast of Bessemer steel 
for turntables, sent out from the 
works of Terre-Noir (Loire), 
make of 1870—weight of linear 
DEP sneecces eesese 


0.440 


0.900 
9.100 


0.445 


34.500 


NORTHERN RAILWAY COMPANY. 


Section.—The Northern Company has 
adopted for its entire system a steel rail 
of the Vignoles section, weighing 30.300 
kilogrammes per linear metre. This rail 
is supplied indifferently by all the French 
houses ; at the present time it is rolled at 
the works of Terre-Noir and Creusot. 

Length.—The normal length is 8 me- 
tres, but lengths of 7, 6, and 5 metres are 
admitted in the orders for the conveni- 
ence of manufacturers. 

Sleepers and fish-plates.—The rail is 
laid with sleepers at the joints, and inter- 
mediate sleepers at the following distan- 
ces from centre to centre: 0.60 metre for 
those next to the joints, 0.90 metre be- 
tween those next adjoining, and one me- 
tre for all others. The rails are joined 
one to the other by means of fish-plates, 
with four holes of .019 metre in diameter 
drilled for the fish-belts. The rails bear 
directly on the sleepers, in grooves made 
for the purpose, and are fixed thereto by 
means of two gulvanized-iron wood screws 
forthe intermediate sleepersand four 
wood screws for those at the joints. The 
wood screws are screwed against the 
flange of the rail in such a manner as to 
avoid punching or notching it through- 
out its length. 

The reasons which have determined 
the choice of this type of rail may be 
summed up as follows: 





Advantages of the use of steel for 
rails.—The chief advantage which results 
from the use of steel rails in preference to 
those of iron is that the wear caused by 
friction is even, being parallel with the 
length, and takes place slowly, whereas 
the best iron rails deteriorate under the 
influence of the traffic, and are found to 
be for the most part unfit for use before 
they have lost any appreciable portion 
of their weight by even wear. The ex- 
periments made by the Northern Com- 
pany on iron rails from all sources have 
demonstrated that the best samples upon 
their system have not withstood a traffic 
of more than twenty million tons, and 
that for those of ordinary quality this 
figure does not exceed fourteen millions. 
In the case of steel rails, all the trials 
made prove that the table of the rail wears 
away uniformly at the rate of one milli- 
metre for every twenty million tons pass- 
ing over it; and as the rails are got out 
with a view to their losing 10 millime- 
tres by wear, it can be estimated that 
they will endure a traffic of at least 200 
million tons ; that is to say, that the en- 
durance of the steel rails is more than ten 
times that of the iron. The substitution, 
therefore, of steel rails for those of iron 
effects a great reduction in the expense 
of maintenance, at the same time that it 
ensures @ more even strength to the 
permanent way, and increases, in a high 
degree, the safety of working. 

The second advantage in the use of 
steel rails over those of iron is, that they 
are rolled from a material of greater and 
more regular resistance than that possess- 
ed by the latter. The result of experi- 
ments made for the ey of compar- 
ing the strength of the two materials is 
that, under pressure, the iron rails take 
an appreciable permanent set as soon as 
the compression and tension of the fibres 
reach from 17 to 18 kilogrammes per 
square millimetre, while in the case of 
steel rails this does not occur until the 
tension and compression exceed 38 kilo- 
grammes, With direct tensile strains, 
the resistance to rupture of iron rails of 
good quality varies from 28 to 36 kilo- 
grammes per square millimetre, while 
that of steel rails is between 65 and 75 
kilogrammes. Lastly, when tested by a 
blow by means of the apparatus of the 
Lyons Railway, the iron rails did not pre- 
sent a mean resistance exceeding 400 
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kilogrammetres (2,893 foot-pounds), while 
that of the steel rails, of the section under 
notice, exceed 900 kilogrammetres (6,590 
foot-pounds). The material of which the 
ateel rails are composed can therefore be 
thus characterized: it affords a better 
guarantee of uniform texture, and its re- 
sistance to atensile strain, and one by 
impact, is at least double that of the ma- 
terial of which iron rails are made. 

The advantages gained by replacing 
iron rails by those of steel are therefore 
evident ; a drawback certainly exists in 
the item of prime cost, but, in actual 
practice, by taking into consideration the 
difference ofthe resistance of the two 
materials, the weight of the steel rails can 
be reduced to 30 kilogrammes, still leav- 
ing them stronger than thdse of iron 
which they replace; thus not only reduc- 
ing the excess of first cost, but also ren- 
dering the laying of them cheaper than 
that of iron rails. 

Section.—The following are the con- 
ditions which the company has striven to 
attain, and which have led to the adoption 
of the form of rail shown by the section and 
by the sample accompanying this paper. 

To preserve the same height as the iron 
rail of 37 kilogrammes, as well as the 
width and angle of the edges of the fish- 
— and the curve of the head, which 

nave given good results in practice. 

To give as large a margin for wear as 
possible, and with this intention to in- 
crease the size of the head while reducing 
the thickness and breadth of the flange, 
as much as possible without rendering 
their manufacture difficult, and without 
making the height of the rail too great 
in a to the breadth of its flange. 

n theory, at the period of its greatest 
wear, the section of the rail should be 
such that the resistance of the fibres that 
are most strained in the head and in the 
flange should be the same; this would, 
however, have led to the adoption of a 
flange a little too narrow and slender 
both for bearing on the sleepers and also 
for being rolled. In the section fixed up- 
on, the tendency towards extension be- 
comes equal to that of compression after 
a wear of 5 millimetres, but at that 
period the rail is not so far weakened as 
to render it unfit for use, and after a fur- 
ther wear of 5 millimetres its resistance 
is still greater than that of anew iron 
rail of 37 kilogrammes. 





Stability of the Rail.—It is only in re- 
spect to the stability on its base that the 
new type of rail can be regarded as _ less 
secure than theold one. A measure of 
insecurity ofthis kind is caused by the 
proportion of the oe to the base; for 
this proportion, which is {%, or 1.19 in the 
iron rail of 37 kilogrammes, rises to 1.288 
in the steel rail of 30 kilogrammes. But 
there is ground for remark in this place 
that in the iron rail of Vignoles section, 
employed by the Lyons Company, this 
proportion rises to 1.30, and in that of 
the Cologne and Minden line this propor- 
tion is 1.356, Besides, the rail has no 
tendency, as was thought at first, to be 
overturned towards the outside of the 
line of way under the lateral strains which 
it must undergo from the flanges of the 
wheels; its tendency is rather to be 
driven on one side, which, however, the 
wood screws on the outside, and the cant 
giventothe rail by the groove in the 
sleeper, are sufficient to counteract. An- 
other consequence of these thrusts is to 
increase the pressure of the flange of the 
rail upon the sleeper on that side against 
which the wheels press; but the experi- 
ence acquired for more than two years 
during which this rail was in use on the 
Northern system proves conclusively that 
the greatest pressure of this kind does 
not exceed the limits which the sleepers 
can bear. It is, therefore, certain that a 
diminution of the lateral dimensions of the 
rail of primitive type, weighing 37 kilo- 
grammes, still leaves the rail sufficiently 
stable as regards the flange. 

Quality of the material_—The results 
of these calculations and experiments 
have reference to a quality of steel, char- 
acterized by a degree of hardness and 
strength before determined, which is read- 
ily made at the French works. This qual- 
ity is determined by tests which are stip- 
ulated for in the conditions of the com- 
pany, and of which the following is the 
resume ; 

lst test (with pressure)—Each rail, 
submitted to the trial, when placed up- 
right on two points of support, distant 
from each other 1.10 metre, should be 
able to bear for five minutes, at the mid- 
dle of the interval between the points of 
support : 

1, A pressure of 17,000 kilogrammes, 
without taking an appreciable permanent 
set after the test ; 
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2. A pressure of 30,000 kilogrammes, 
without the deflection exceeding 25 milli- 
metres. ‘ 

2d test (by impact).—Each of the two 
portions of rail which have been broken, 
placed in an upright position on two sup- 
ports (distant from each other -1.10 
metres) fixed on an anvil weighing 10,000 
kilogrammes, must sustain, without 
breaking, the impact of a monkey of the 
weight of 300 kilogrammes falling from 


a height of 2.25 metres, on the middle of 


the distance between the points where 
the rail is supported. 


When sustaining a blow 

from the successive 

heights of.......... 1.00m. 1.50m. 2.00m. 2.25m. 
The amount of bend 

caused should not 


Imm. 3}mm. 8mm. 18 to 20mm. 


Trial of anew system of laying.—At 
the present time a new system of laying 
the rails is being tried, which consists in 
arranging the joint so as to come on two 
sleepers near to one another instead of 
on the same sleeper. 

Although this method has not been 
tried for a sufficient time to be judged by 
practical results, it is expected to allow 
of an easier motion than when the joint 
ismadeupon the same sleeper; in fact, 








factured by the Bessemer and Martin pro- 
cesses, and at first a small quantity was 
manufactured from steel cast at Creusot. 

The length of a single line of way, laid 
with steel rails, was, on the 3lst of De- 
cember, 1872, as great as 234 kilometres. 

With the exception of the rails of Vi- 
gnoles section laid on the large iron bridg- 
es, the steel rails employed are of the 
double-headed section, the same as that of 
iron rails. 

Their mean weight is 38.75 kilogram- 
mes per linear metre, that is to say, 1 
kilogramme heavier than the iron rails, 
which weigh 37.75 kilogrammes. 

The rails are in lengths of 6 metres, 
and the joints are made out of perpendi- 
cular, with fish-plates, which are also 
made of steel. 

The rails, 6 metres long, rest on eight 
sleepers, with chairs disposed at the fol- 
lowing distances: From joint to centre 
of first chair, 30 centimetres; centres of 
first and second chairs, 70 centimetres ; 
centres of all the rest, 80 centimetres. 

The chairs, which are of cast iron, 
weigh 15  kilogrammes each, having 
a bearing surface of 482 square centime- 
tres. 

The chairs are fixed to the sleepers by 
two wood screws, except in the case of 


as the shocks due to the passing of each | the outer rail on curves, where there are 

pair of wheels are not simultaneous, their | three wood screws to each chair, thereby 

effect on the carriage is thereby lessened. | causing a slight difference in its pattern, 
Further, the severity of each of the! Paris, Lyons, and Mediterranean Line. 


shocks is softened by the following cir- 
cumstances : 

1, The joint sleeper, instead of having 
atendency to inclination at each end, is 
on the contrary kept in its proper posi- 
tion at one end by the pressure of the 
continuous rail which it supports. 

2. The ballast is less disturbed, on ac- 
count of the sleeper being shaken less 
violently. 

3. Ifa joint should happen to yield 
on the passingof a wheel, the carriage 
bearing on the three other wheels is not 
free to follow the movement. 


WESTERN COMPANY. 


The Western Company makes use of 
steel rails on that portion of its system 
where the traffic is greatest. The rails 
hitherto laid have been supplied by the 
following French houses :—Niederbronn, 
imphy, Creusot, Terre-Noire, Firminy, 
and Commentry; they have been manu- 


|—Since the 





year 1867, the above com- 


| pany decided to use only steel rails in 


relaying its permanent way on 860 kil- 
ometres on the Paris and Marseilles line, 
where more than 10,000 trains raft over 
each line of way yearly, at speeds which 
might reach 90 kilometres per hour. 

n the Ist January, 1873, the length of 
the portions relaid with steel rails was as 
great as 940 kilometres of single line of 
way. 

Particulars of the Paris and Mediter- 
ranean rail.—The rail exhibited (Paris- 
Mediterranean model) weighs 38.850 kil- 
ogrammes per metre; the section differs 
only from that of the iron rail (Paris, 
Lyons, and Mediterranean) employed on 
all the new lines of the Mediterranean 
system by the thickness of the web being 
reduced from 16 to 14 milimetres, and by 
the breadth of the flange being increased 
from 100 to 130 milimetres. 

@ The shape of the head and of the flange 
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being of the same inclination and distance 
apart in both sections, the same form of 
fish-plate can be used, 

The standard length of the rail is 6 
metres, and they are laid on eight inter- 
mediate sleepers, with the joints at a 
bevel. 

Fish-plates.—Each joint is made by a 
= of iron fish-plates, with four holes, 

olted together by four 25-milimetre 
bolts, with two feathers. An iron pin, 
inserted in a hole formed half in the fish- 
plate and half in the nut, prevents the 
slackening of the latter. 

Method of Fastening.—The rail is fixed 
to each sleeper: 

1, On the inside of the rail, by a spike 
with two claws, driven into a hole 
punched in the flange of the rail, to coun- 
teract any tendency in the rail to slide in 
the direction of its length or to heave over 
on its side. 

2. On the outside of the rail by a dog. 

Manufacture. — The Paris-Mediterra- 
nean rails are manufactured in the works 
of Creusot, Terre-Noire, and Besseges, 
either in Bessemer or Martin steel. If 
made by either process, the rails easily 
stand the tests below detailed ; the re- 
sults do not differ materially ; but from 
some establishments the Martin steel a 
pears a little harder of the two, while in 
others the advantage is with the Besse- 
mer steel. 

Tests.—One per cent. of the rails man- 
ufactured are submitted, on delivery, to 
the following tests : 

1, Each bar, placed upright on two 
— of support, a metre apart, must 

ear, for five minutes, on the middle of 
the distance between the points of sup- 
port, a pressure of 25 tons, without taking 
any — permanent set. 

2. The same bar, in the same position, 
must bear for five minutes, without ex- 
hibiting signs of fracture, a load of 40 
tons ; the load is then gradually increased 
until the rail is fractured. 

3. Each of the portions of the bar, laid 
on two points of support, 1.10 metres 
from each other, must bear, without 
breaking, the impact of a monkey of 300 
kilogrammes’ weight falling from a height 
of 2 metres on the middle of the space. 

4, Alength of 70 centimetres is taken 
at pleasure out of each pour of the metal; 
it must bear, without fracture, when 
placed on two supports, 50 centimetres 





apart, the blow of a monkey 300 kilo- 
grammes in weight, falling from a height 
of 14 metre. 

Results given by Steel_—The expecta- 
tions formed in the year 1867 on the en- 
durance of the metal are now fully con- 
firmed by practical results. 

No signs of giving out are observed in 
the rails that have been laid down more 
than five years ago, a uniform wear only 
being manifested, which bears witness 
to the perfect homogeneousness of the 
metal. 

Several portions of permanent way laid 
down for trial have been examined after 
40,000 trains have passed over them. The 
wear returned is eight-tenths of a mili- 
metre (0.0008 metres) measured verti- 
cally, or a milimetre for every 50,000 
trains. As the table of the Paris Medit- 
erranean rail can, without being unduly 
weakened, be pared or worn away uni- 
formly to the extent of 10 milimetres and 
more, the supposition is warranted that 
it would require the passing of 500,000 
trains to render the rails unfit for use. 

To allow a margin for accidents and 
chances of error, if we take 400,000 trains 
as the maximum of traffic, and if, on the 
other hand, the mean endurance of iron 
rails, under the same conditions, is taken 
at 80,000 trains, the conclusion will be 
arrived at that steel rails may be consid- 
ered as capable of enduring at least five 
times as long as those of iron. 

Broken Kails.—The average number 
of rails broken in use which have to be 
taken up from the permanent way, is one 
rail per 15 kilometres of way per annum. 
Inasmuch as fractures occur for the most 
part soon after the first laying of the 
rails, they can most frequently be at- 
tributed to flaws in manufacture. The 
steel rails, when they have stood some 
months, may be considered as secure from 
all accident. In fact, it may be said that 
~—. will never break. 

et Cost.—One kilometre of Paris- 


Mediterranean permanent way costs: 


lst. With Steel at 280 fr. per Ton. (Price in Sep- 
tember, 1869.) - 
rn 


77,700 kilogrammes of rails 21,656 00 
666 fish-plates (weight: 5.30 kilogram- 

mes) at 180 fr. pe 635 36 
1332 fish-bolts (weight: 0.70 kilogram- 

mes) at 350 fr. per ton 326 34 
2664 spikes (weight: 0.41 kilogram- 

mes) at 275 fr. per ton....... 
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2664 dogs (weight: 0.39 kilogrammes) 


at 275 fr. per ton.............06 as 285 70 


1 
2d. With Steel at 400 fr. per Ton. (Price in 
January, 1873.) 

Fr. 
31,080 
1,200 
466 
486 
462 


Cc. 
00 
13 
20 
04 


83 


77,700 kilogrammes of rails 

666 fish-plates at 340 fr. per ton....... 
1332 fish-bolts at 500 “« “ ‘* 

2664 spikes at 445 “ 
2664 dogs at 445 


ae ee 


a “ce “c 


20 
16 


33,695 
23,204 


10,491 04 


Increase of value in 1873 


The samples exhibited are sent out from 
the works as follows: A Bessemer steel 
bar 14 metre long, of the Paris-Mediter- 
ranean section, showing one of its ends 
fractured, from the Creusot Works; a 
Bessemer steel bar, 750 milimetres long, 
of the Paris-Mediterranean section, and 
also a Martin steel bar of the same sec- 
tion, showing fracture at one end, with 
fish-plates bolted to it at the other, from 
the Besseges works. 

The fish-plates are manufactured at the 
Ancy-le-Frane Works, and the fish-bolts, 
as well as the dogs and spikes, at the es- 
tablishment of the widow Loiseau, Paris. 


Orleans Company. 

The Orleans Company make use of 
steel rails on those portions of its system. 
where the traffic is the heaviest. 

These rails, whether made by the Besse- 
mer or the Martin process, are supplied by 
the different French companies, who have 
|put up the plan necessary to these pro- 
cesses; for instance, Imphy, Creusot, 
| Terre-Noire, Firminy, and Commentry. 
| With few exceptions, the steel rails in 
‘use on the Orleans system are all double- 
| headed, and their section does not differ 
trom that of ordinary rails. 

The weight of the steel rail is, on ac- 
count of the different density of the two 
metals, a little greater than that of the 
iron rail (which is 36 kilogrammes per 
linear metre) and can be reckoned at 37 
kilogrammes on an average. 

The rails are 5} metres long. They 
are jointed on the bevel with fish-plates, 
and rest on cast iron chairs, which are 
spiked to six oak sleepers, thereby giving 
a distance between centres of the latter 
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or 916 milimetres. 


The chairs weigh 9} kilogrammes, and 
have a bearing surface of 324 square cen- 
timetres. 








QUEEN ANNE STYLE 


OF ARCHITECTURE. 


From “ The Architect.” 


Ir is to be hoped that a certain class of 
our more youthful and enterprising archi- 
tects are falling in with the right kind of 
examples just now, for it may be taken 
as quite certain that they are attentively 
studying in one way or another during 
these holidays what “ Queen Anne” work 
they can do. Not that they will be able 
to discover much of it that is at once 
genuine to the title in its conditions and 
satisfactory to. the taste in its character ; 
but this is no matter. The so-called 
“ Queen Anne Style,” as has been pointed 
out in this journal -before, is not neces- 
sarily a fashion of the days of Queen 
Anne, or even an English fashion at all. 
It may probably be best described as a 
somewhat fanciful and indefinite mode, of 
general rather than special character- 
istics; the result of a vague desire for 
change, rather than a distinct impulse of 
revival ; and embracing within its limits 


the widest extent of diversity of treat- 
ment, in order to suit whatever may be 
the unanticipated necessities of an indi- 
vidual designer at the moment, rather 
than confining itself within archeolo- 
gical, esthetic, or academical bounds of 
any kind. ree Classic, in short, the 
term applied to it alternatively by one of 
its most earnest advocates, Mr. Steven- 
son, at the recent Architectural Con- 
ference, may be said to indicate expressly, 
better perhaps than any other formula of 
words which could be used at the present 
moment, the peculiar pretensions of the 
movement : it professes to be Classic— 
no matter how—as a question of change 
from the popular Gothic; and it claims 
to be Free, as an assertion of artistic in- 
dependence such as shall repudiate all 
trammels of either dogmatic or conven- 
tional method. The Queen Anne Style 
may be said to be in reality very much 
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whatever its votaries shall find it con- 
venient to make it; the only conditions 
which seem to be recognized are that it 
shall be a revolution from the Gothic in 
principle of design, and a rival to the 
Gothic in freedom of treatment. To put 
the case in still another form, we may 
suggest that true Classic,true Gothic and 
“Queen Anne” are looked upon in this 
relation; our true Classic, of the early 
part of the present century, was a style 
of mere book-learning—a dead language ; 
our true Gothic, of the last five-and-twen- 
ty years, has been free and adventurous 
to the utmost; this having had its in- 
nings, it has come to be the turn of the 
other; but let not the other play on its 
old prosaic system—let it adopt a new 
one—let it ahs a lesson from its oppo- 
nent and be free and adventurous too. 

If anything like this view of the matter 
can be accepted by the reader, he will 
scarcely fail to perceive the probability 
that the resumption of architectural en- 
terprise after the present recess will bring 
with it a good deal of endeavor towards 
the ascertainment, as we may express it, 
or definitive settlement, of the new mode ; 


in which, it may also be considered prob- 
able, foreign examples of design will be 
held entitled to share with English the 
credit of furnishing material from the 


past. German work, Flemish and Dutch 
work, and perhaps especially French 
work, of the sixteenth and seventeeth 
centuries, may be expected indeed to 
take the lead of English altogether, for 
two simple and obvious reasons. In the 
first place there is far too little Queen 
Anne work in England—however com- 
prehensively the title may be applied— 
for the formation of a revived or even a 
novel style of any vigor or stateliness ; 
and, in the neal. place, during the last 
twenty years it has been one of the most 
remarkable conditions of English archi- 
tectural study that the chief part of its 
material has been derived from abroad. 
In other words, if a new mode is to be 
established by —— adventurers, they 
may unquestionably be expected to go to 
the Continent for their principal studies ; 
and it is on the Continent alone, and not 
in England, that examples are to be found 
of the desired character, such as may be 
relied upon for guidance and suggestion. 
‘The particular manner of design which 
Mr. Stevenson seemed to have in his 





mind as the type of the proposed new 
style was that of the red brick houses, 
and the yellow (or whatever color it may 
be), with red quoins, having flush or 
nearly flush broad window frames painted 
white; of which mode we see a vast 
number of examples in various parts of 
London and the old suburbs, and in a 
great many of such provincial towns as 
stand in a brick country. There is also 
a large amount of similar work in cqun- 
try houses, and in office buildings of va- 
rious kinds, and occasionally in public 
edifices of no great importance. It is 
obvious, however, that to confine the 
student’s attention to this class of ex- 
amples would be to limit the scope of 
the new movement to the production of a 
kind of scarcely quaint and certainl 
weak domestic design, out of which it 
would be altogether impossible to con- 
struct anything approaching to the dig- 
nity of a national mode. It might an- 
swer very well for plain houses, and for 
certain classes of unambitious municipal 
buildings, but for great metropolitan 
edifices, for grandiose streets, and for the 
whole category of monumental works, 
its adoption would be almost a caricature. 
Nor does it mend the matter if we in- 
clude the kindred mode of half timber 
work; for it is plain that the field of use- 
fulness of this primitive kind of construc- 
tion must be very small indeed, except 
perhaps in country houses of a small and 
cheap kind. Beyond the limits of these 
two modes, the style of work in question 
can scarcely be said to extend in Eng- 
land. But on the continent, where, at 
the date of such work, architectural art, 
almost obsolete in England, was flourish- 
ing almost luxuriantly, such of our tour- 
ists as are disposed to worship a rising 
sun by offering homage to the “ Queen 
Anne Style” cannot fail, if sufficiently in- 
telligent and sufficiently liberal in their 
views, to discover almost any amount 
they may desire of such specimens of 
architectural design as are certainly not 
Gothic and still emphatically picturesque. 
All this, as we understand the case, will 
be thankfully accepted by the promoters 
of “Free Classic ;” and out of the mass 
of material thus to be acquired, as we 
venture to suppose, the alphabet of the 
new: architectural tongue has really to be 
formed. 

It is by no means evident yet that this 
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course, or whatever like process may be | 


adopted, will be either a success or a 
failure. The basis of the new adventure 
is the assumption that our modern Gothic 
—except, we suppose, in ecclesiastical 
work—is worn out, orso very nearly so, 
as to be but holding office till its succes- 
sor isappointed. This is of course denied 
stoutly enough ; but, at the same time, 
if successful competition designs are to 
be looked upon, as they generally are, as 
the shadows of coming events of change, 
we are scarcely able to ignore the fact 
that several of these have lately gone 
strongly in the direction of the style we 
have described. All we would wish to 
say, however, is this:—If the revolution 
is really to be effected, we hope it will 
be directed by its leaders into such a line 
as may do themselves and their art some 
credit. Even if the coming mode is to 


be, as has been suggested, no more than 
a stepping stone to something better— 
that is to say more academically appre- 
ciable—still we would hope that it may 
be worthy of attention while it lasts. 
As regards this, much will depend, we 
are disposed to think, upon the proceed- 
ings of the present recess, leading up to 
the course which is to be taken in 
competition and other works on the re- 
sumption of business; and one thing 
that we may venture to say is that,, 
whether our next year’s fashion is to be 
a continuation of Secular Gothic, or a 
temporary reference to “Queen Anne,” 
or a more direct revival in some sort of 
Classic of a less “free” type, English 
architecture of the non-ecclesiastical 
class can scarcely afford to fall into 
any greater confusion than at present 





prevails, 





THE NARROW-GAUGE RAILWAYS OF EUROPE. 


By A. Srevarr.* 


From “‘ The Universal Review of Mining.” 


Tuis work dates from the end of 1871; 
the questions treated therein were then 
the order of the day amongst all the en- 
gineers in the world, and have lost none 
of their interest up to the present time. 

We shall confine ourselves strictly to 
European narrow-guage railways, on 
which the traction takes place on rails by 
locomotives of ordinary adhesion, in a 
manner analogous to, and, consequently, 
comparable with that of broad gauge- 
lines. 

We shall say nothing about the moun- 
tain railways, such as that of Rigi, and 
those on the systems of Fell and Wettly; 
neither shall we direct our attention to 
the lines of single rail on the system of 
Larmanjat, and others, nor of suspended 
railways like those of Brighton and Cey- 
lon, on Hodgson’s system. 

These are all schemes to be judged 
from one specimen, whereas narrow gauge 
lines having been in work a long time, 
can be compared directly with ordinary 
lines. 

We may consult with advantage on 
this subject :— 


InFrench. Level: “ Construction and 
Working of Railways of local interest.’ 
Paris, i870. “ Memorials and Reports of 
the meetings of the Society of French 
Civil Engineers, 1868-1869.” _Loisel : 
“ Special-year book of Belgian Railways.” 
Brussels, 1867-69. Statistical information 
published by the Belgian minister of pub- 
lic works, 

In English. The Engineer and Engi- 
neering, 1869 to date. Discussions and 
voluminous correspondence on narrow 
gauge. Rob. Fairlie; “The Gauge for 
the Railways of the future.”—Paper on 
“Railway Gauges,” read _ before the 
British Association at Edinburgh, 1871. 
—* The Battle of the Gauges,” London, 
| 1872. Spooner: “Narrow Gauge Rail- 


| ways.” 

| German. The very important me- 
morial of the technical commission, a 
pointed by the union of the German rail- 
ways; “Grundzuge fur die Gestaltung 


der secundaren Bahnen.” (Organ fur die 
Fortschritte des Eisenbahnwesens, 1869.) 

In Italian. Felice Biglia: “Sulle Fer- 
rovie Economiche Due Relazione al Min- 








* Memorial read before the Brussels section of the Association of Engineers, belonging to the 


Liége Academy. 
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istero dei Lavori Publici.” (On Econom- 
ical Railways, two Reports to the Minis- 
ter of Public Works.) “Giornale del 
Genio Civile,” 1870-1871. 


Historical. 


It is well known that the point of de- 
parture from the ordinary width of 
Stephenson’s gauge (4 ft. 81-2 in. or 1- 
435 metre between the rails, or about 
1.50 metre) 4 ft. 11.05618 in.) from axis 
to axis of the latter, was only the usual 
distance of the wheels of the carriages 
which the wagons were intended to re- 

lace. 

This width of gauge, the most univer- 
sally adopted, has, then, no really ration- 
al existence. 

Once established, its adoption for Eng- 
lish lines was inevitable, in consequence 
of the necessity of making them agree 
with the railways already marked out, 
and it afterwards became general all over 
the Continent, in imitation of what had 
been done in England. 

In Belgium and France, 1.50 metre (4 
ft. 11.05618 in.) was the distance from 
axis to axis of the rails, which gives a 
variable distance of 1.430 metres (4 ft. 
8.3 in.) to 1.45 metre (4 ft. 9.0876 in.) ac- 
cording to the width of the flanges of the 
rails, 

In Germany the Union Railway adheres 
now to the English gauge of 1.435 metre 
(4 ft. 8 1-2 in.) 

Here and there, there was a departure 
from this rule, to increase it: thus the 
great engineer, Brunel, constructed the 
dine of the Great Western Railway at a 
width of 7 ft., but the company was soon 
compelled, at great expense, to put down 
another rail to enable them to take in the 
traffic of the other railways ; and, in con- 
sequence of inconveniences of all kinds 
occasioned thereby, it was decided, in 
1869, to return to the normal gauge. 

The Baden Railway, in Germany, has 
been constructed on the standard of 
1.60 metre (5 ft. 2.99326 in.) and that of 

- Amsterdam—the Hague-Rotterdam, in 
Holland—of 1.93 metre (6 ft. 3.98562 in.), 
but all those have returned to the ordinary 
gauge. 

There are now four countries in Europe 


having a wider gauge than 1.50 metre 
(4 ft. 11.0561 in.), which have been adopt- 
ed for political or strategic motives ; these 


are:—Spain and Portugal, 1.68 metre (5 ft. 





6.14292 in.) ; Russia, 1.525 metre (5 ft.) ; 
and Ireland, 1.60 metre (5ft. 2.99326 in.) 

Out of Europe, the cradle of railways, 
we find all sorts of gauges. 

In the United States, that of 1.435 
metre (4 ft. 8.49708 in.) has prevailed, but 
there are several others, up to 1.83 metre 
(6 ft. 0.04854 in.) 

In the English possessions of India, the 
gauge is 1.68 metre (5 ft. 6.14292 in.) 

In Australia and Brazil, it is 1.60 metre 
(5 ft. 2.993 in.) 

Lately, a revolution has taken place in 
all ma We have seen, from numerous 
examples, that railways of broad gauge 
have been constructed at great expense 
in countries where the traffic was far from 
being remunerative, and in presence of 
this fact, that all the elements which go 
to establish the net cost of carriage— cost 
of construction and maintenance of the 
line, cost, and wear and tear of the roll- 
ing stock, working expenses, &c.,—vary 
in one way or another, with the width of 
gauge, it is only rational that we should 
apply ourselves to the consideration of 
the most suitable gauges for railways. 

Animated discussions have been raised, 
especially in England, on the subject of 
the narrow gauge, and, to our mind, the 
battle of the gauges is not yet decided. 
Too many warm partisans have entered 
the lists, who are so positive in their ideas, 
that it is impossible to come to an agree- 
ment. 

The question is complicated by too 
many conflicting elements, for a clear 
idea of the whole subject to bring about, 
all at once, a radical solution. 

It is only by the light of facts that 
special cases can be resolved, when they 
arise; but we do not think it will ever 
be possible to decide dogmatically, and in 
a general way, between the comparative 
merits of the broad and narrow gauges, 

What are the facts, then, on which an 
infallible judgment may be founded ? 
They are already in existence in great 
numbers, in Europe, and we will produce 
them in the first part of this work. 

In the first place, there are the Belgian 
lines of High and Low Flenu (1836), and 
from Antwerp to Ghent (1846); of which 
little mention is made, as is the case with 
every thing that takes place in our little 
modest country. 

It is the same with the lines of Norway 
and Brellthal (1862), 
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But, recently, a great noise has been 
made about an English line, of very nar- 
row gauge, which has been a long time at 
work between Festiniog and Port-Madoc, 
in Wales, but on which locomotives have 
only run since 1863-’4, 

The results put forward by Mr. Spooner, 
the directing engineer of the line, and 
warmly defended by Rob. Fairlie, have 
intensified the dispute. 

As a consequence of these animated dis- 
cussions, which will certainly tend to 
throw a new light on the technicality of 
railways, public attention has been drawn 
to the lines of this sort already construct- 
ed, and several experiments have been 
undertaken. 

The Russian Government especially, 
on the presentation of the report of a com- 
mission appointed to examine the Festi- 
niog Railroad, has constructed a number 
of lines of narrow gauge. 

Out of Europe, the system is being 
tried in America on a grand scale, and 
the question is being debated as to 
whether a narrow gauge is to be employed 
for the extension of the net of Anglo-In- 
dian railways, and for the construction 
through Persia and Asia Minor, of an im- 
mense line, which is to unite this country 
to Europe. 


I, Results obtained on Lines of small 
Section, in Europe. 


We shall devote a few lines to each of 
the principal reduced gauges, in Europe. 
ot to go beyond the scope of this 
work, we shall abstain from all useless de- 
tail, in estimating the whole of the con- 
ditions of the establishment and the work- 
ing of railways. 
Having done this, we shall present in a 





lishments of Flenu. Its total length is 
92 kils. (nearly 58 English miles), about 
two-thirds of which consist of levellings 
in the vicinity of the coal mines, which 
are so numerous there, On certain sec- 
tions this railway has two, three, and even 
four lines, The traffic is so enormous, 
that the gross receipts amount to nearly 
14 million of francs (£60,000). The av- 
erage ascent is 10 millimetres (0.3937079 
in.), and the maximum 0,025 metre. The 
curves descend to a radius of 30 metres 
(32 4-5 yards.) 

The lines comprise rails of 28, 33, and 
35 kils. (613, 723, and 77 lbs.) per current 
metre, 

The traction has been done by the com- 
pany (by the Belgian state since the Ist 
January, 1871), but the rolling stock is 
furnished by the coal mines, or by the 
adjacent railways for the wide line. The 
result is a great diversity in the rolling 
stock, which has been provided rather 
with a view of facilitating the service of 
the coal mines, than with that of the good 
management of the lines. 

The wagons weigh, on an average, 
2,000 kils, (nearly 2 tons) for a quantity of 
24 to 40 hectolitres of coal, 2,200 to 3,600 
kils. (46 to 70} cwts.), which forms a con- 
siderable weight. The transfer of the 
coal from these wagons to those of the 
wide line costs 20 centimes per ton. 

The four-wheeled coupled locomotives, 
which do the service of the narrow way, 
weigh, on an average, 15 to 18 tons, in 
going order. 

The working of this network, which 
cost altogether 71,000 fr. (£2,840) per kil- 
ometre, has resulted in a dividend of 104 
per cent. This brilliant result is to be 
attributed not only to the conditions 


"aan summary, the salient figures be-| under which the system was established, 


onging to this part of our subject, so that | 


but also to the tariffs, which were the 


the reader may be enabled, at a single | highest in the country. 


glance, to compare them one with another. | 
1. Railway System of High and Low| 


Flenu (Hainaut), Belgium. 


Constructed and worked since 1836, in | 
great part on a gauge of 1.20 metre (3 ft. | 
11.24494 in.), the rest 1.50 metre (4 ft. | 
11.05618 in.), this railway is not a line | 


like the others of which we shall have to 


speak ; it is a complete net, within which | 


and a canal of great width (Mons, at 
Conde), it is intended to bring together 
all the coal mines, and industrial estab- 


This system of railways, which is more 
or less complicated in its lines of 1.50 
metre (4 ft. 11.06518 in.) of gauge, is now 
worked by the state, and it is very likely 
that the lines of Flenu will be altered to 
the same width. The active traftic in 
coal at this point would justify the pre- 
ference to be given here to the wide gauge, 


2.—Antwerp to Ghent, Railway of the 
Pays de Waes (Belgium). 


This railway, conceded, in 1843, after 
public auction, was constructed in 1844-’5, 
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and was in full working condition in 
1847, 

Traversing in its entire length, 50 kils. 
= 31 miles), the richest agricultural 

istrict of Belgium, it terminates in one 
part at the shore of the Escaut, facing the 
town of Antwerp, and serves for the cross- 
ing of the river in correspondence with 
the trains by means of steamboats for 

assengers, and sailing boats for merchan- 
ise. 

At the other end, it terminates at 
Ghent, where it has a terminus station 
different fromthat of the state. It meets 
on its way two wide gauge lines, which 
it crosses. 

At Lockeren, where there is a station 
belonging to the state, we meet with an 
example of the transfer of merchandise. 
The wagons of the two lines may be 
brought side by side or be placed one 


after the other on a line of double rails, 
and although the operation is nearly 
always performed by hand, or with the 
shovel, except for heavy articles, which 
are drawn up with a crane, the cost of 
transfer under these conditions does not, 
on an average, exceed 30 centimes per 


ton. 

As the country presents very few ine- 
qualities, the line is everywhere nearly 
level. There are 8,500 metres (5.258 
miles) of insensible slope (0.002 to 0.0035), 
and 530 metres feeerty 580 yards), with 
a slope of 0.006. On the whole line, the 
curves have a radius of 2,000 metres 
(1.304 mile), and one goes down to 800 
metres (875 yards). 

The only work of art on this line is a 
bridge across the small river Durme. 

The distance from axle to axle of the 
rails is 1.15 metre (3 ft. 9.276 in.) These 
rails, which at first weighed 22 kilogs. 
(484 lbs.) per current metre, have been 
replaced by others of 25 kils. (55 1bs.) on 
the Vignoles model. The sleepers are 
made of the oak grown in the country, 
or in fir from the North, done over with 
creosote. 

Under these conditions the first cost of 
the line was 4,700,000 fr. (£188,000), in- 
cluding the rolling stock; or 94,000 fr. 
(£3,760) per kilometre (1093.633 yards). 
This amount has been increased from time 
to time by extensions and additions to 
stock; it reached 105,000 fr. per kilo- 
metre at the end of 1&70. 

The locomotives and rolling stock are 





well cared for, from an economical point 
of view. All honor to the engineer, De 
Ridder, one of the founders of Belgian 
railways. 

As the company makes its own carri- 
ages and wagons, it employs the choicest 
material, and takes care to have them of 
the best workmanship. 

If we take into account how long a 
rolling stock lasts when made under these 
conditions, and the small cost of its main- 
tenance, it will be seen that this economy 
largely compensates for the greater outlay 
at first. 

All the locomotives are of one type, 
with three axles, and independent wheels. 
The driving wheels are 1.40 metre 
(55.11910 in.) in diameter. Their fire- 
boxes were at first in iron, but they have 
all been replaced by copper ones, which 
last ten times longer, On the other hand, 
as regards the fire-tubes, better results 
have been obtained from iron (homoge- 
neous metal) than from copper. 

The engines carry 600 kilog. (about 12 
ewt.) of fuel, and a reservoir of 2,000 
kilog. (about two tons) of feeding water, 
on the boiler. They weigh, in going or- 
der, 16,450 kilog. (above 16 tons). 

The rolling stock, which is very low on 
the wheels, notwithstanding their large 
diameter, is very original in its arrange- 
ments. 

The passenger carriages have the same 
width as on the wide gauge lines, and the 
express trains run at the rate of 60 kilom. 
(374 miles) an hour. 

The luggage wagons weigh two tons, 
and carry a weight of fivetons. The flat 
wagons only weigh 1,700 kil. (334 cwts.), 
or one-third of the weight they carry. 

Notwithstanding the isolated position 
of this line, it is worked very advantage- 
ously, seeing that, after deducting from 
the profits the sums necessary for renew- 
ing and increasing the rolling stock, the 
company, during the last few years, has 
paid a dividend of 7 per cent. 

In spite of this prosperity, they con- 
template increasing the gauge to 1.50 
metre (4 ft. 11.05618 in.), and conse- 
quently to modify the rolling stock. But 
the considerations entering into this trans- 
formation have nothing to do with the 
arguments for or against the narrow 
gauge. 

There are also in Belgium other rail- 
ways of narrow gauge, but they are of 
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so little importance that we shall not 
stop to discuss them. 

We shall instance only the expense of 
transferring the coal on the Hornu line 
(0.90 metre), which amounts to 3 cen- 
times per hectolitre (2? bushels). 

On another, at agauge of 0.6 metre (1 
ft. 11.622 in.), used for agricultural pur- 
poses (Chassart to Marbais), the transfer 
of the material of divers kinds is per- 
formed by the piece, at the rate of 15 
eentimes per ton, and never amounts to 
more than from 18 to 21 centimes per ton. 

These prices may be regarded as a cri- 
terion of the cost of transfer from one 
set of wagons to another, in the absence 
of any special facilities. 


3.—Commentry to Montlucon (Allier), 
France. 


This line, intended to join the import- 
ant mines and iron works to the wide line 
of the Orleans Company, and to the Berry 
Canal, was constructed in 1844, on a 
gauge of one metre (39.37079 in.) to be 
worked by horses. Now it is done by 
locomotives weighing 15 tons. Its length 
is 17 kilom. (nearly 11 miles). We find 
there curves having a radius of 90 metres, 
with a slope of one centimetre. The 
strongest inclination is 0.045 (39.03 in.) 

The rails weigh 18 kilog. (39.63 lbs.) 
per metre. 

The wagons, which are of the simplest 
construction, deserve mention on account 
of their low price. 

Fr. 
The coal wagons Cost...........s06 pinnieme -..500 


Those with a brake cost from 700 fr. to 
Flat wagons, only........... ° 


The line has cost on the average near- 
ly 110,000 fr. per kilometre. 


4.—Pontsericourt-service. Department de 
P Aisne (France). 


This railway consists of two lines, con- 
structed solely with a view to the sugar 
manufactory of Tavanx. 

The line from Tavaux to Gronard, 
8,500 metres (5.284 miles) long, is built 
on the side-space of a very uneven road, 
It presents a succession of rises and falls, 
of 15 to 25 milimetres, and afterwards, in 
traversing a chain of hills, ascents of 75 
to 78, and 60 milimetres, the latter with 
a curve of 50 metres radius. The mini- 
mum radius of the curves is 30 metres. 

The line from Tavaux to Moranzy, 
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which is less uneven, has from 10 to 15 
rises, some of them as short as 30 mili- 
metres. On the other hand, over a length 
of 4,200 metres (2? miles) through bad 
rural roads, there are several curves of 
30 metres to 45 metres (98 ft. 5.124 in. to 
147 ft. 7.685 in.). 

Both these have a distance of one metre 
from axis to axis of the rails, The rails 
weigh 13 kilog. (28.66 Ibs.) ; they are 6 
m. long, and are laid on eight oak sleep- 
ers, one at each end. 

The four-wheel locomotives, coupled, 
weigh 7,500 kil. (147 ewts. 23 qrs.), and 
are consequently wanting in adhesion; 
on difficult ascents they only draw one 
wagon, 

The wagons, which are well adapted to 
their special use, which consists exclu- 
sively in the transport of beetroot, pulp, 
&c., weigh 2,100 kil. (2 tons), and will 
carry 6 tons. 

The cost per kilometre (1,094 yards), is 
only 28,000 fr., 11,655 fr. of which sum 
was for rolling stock. 

This line, then, was constructed at the 
extremely low cost of 16,335 fr.; but the 
engineers who have projected it affirm that 
it is one of the worst for working, and that 
they were compelled to make it what 
it is for want of time. 

Nevertheless, the profit which these 
lines realize is estimated at 6 per cent. on 
the capital employed. 


5.—Festiniog to Portmadoe ( Wales), 
England. 


This railway has existed since 1832, 
but locomotives have been employed on 
it only since 1863, the date at which Mr, 
Spooner introluced passenger traffic, 
Constructed in an uneven country, the 
object is to convey to the sea, at Port- 
madoc, the produce of the slate quarries 
of Festiniog. 

It is 23 kilometres long (15 miles), has 
numerous curves from 35 metres of ra- 
dius, average falls of 0.011, considerable 
embankments, and two tunnels in solid 
rock, 

We may instance, as a characteristic of 
this line, that it is no rare thing to see a 
train winding on three curves at once, 

The rails are placed at a gauge of 0.61 
metre (2 feet); the first weighed 19 kil. 
(41.8 lbs.), and have been replaced by 
others of 25 kil. (55 Ibs.). 

The cost of construction amounted to 
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about 90,000 fr. (£3,600) per kilometre 
1,093.633 yards), to which must be added 

000 fr. (£960) for rolling stock, which 
brings the cost per kilometre up to 
114,000 fr. (£4,560). 

The rolling stock is one of those which 
attracted most attention. 

The locomotives are of the sort which 
Mr. Robert Fairlie has again brought into 
use, for the system is only a reproduc- 
tion of the Seraing locomotive, con- 
structed in Belgium in 1849, for the Sem- 
mering competition. 

‘These engines are in two parts, joined 
together, and have four coupled wheels 
of 0.712 metre, and draw at a speed of 18 
to 32 kilometres (11 to 20 miles) an hour; 
trains weighing 75 tons to 107 tons. 

They weigh 19,500 kil. (19.195 tons), 
and cost 50 per cent. more than ordinary 
engines of the same weight. 

The rolling stock for goods is remark- 
able for its lightness, as compared with 
the load it carries. The wagons weigh 
on an average 18 cwt., and carry from 
2} to 3 tons. ‘The slate wagons, which 
form nine-tenths of the rolling stock, 
weigh only from 650 kil. to 850 kil. (from 
about 13 cwt. to 17 cwt.), and carry from 
two to three tons. These figures are the 
best arguments that can be adduced in 
favor of the narrow gauge. 

The line yields a net revenue of 12} per 
cent. on the capital employed. 

6.—Other slate quarries in Wales have 
followed the example of Festiniog; the 
Tallylyn line, for instance, 12,800 metres 
long (nearly 8 miles), gauge 0.68 metre, 
with maximum ascents of 15 milimetres ; 
and the Dinorwic line, only 0.58 metre 
wide, with sharp curves, and worked by 
very small locomotives. 4i 


7.—Breilthal Railway, Germany (Rhen- 
ish Prussia). 


This line, 0.785 metre (2 ft. 6.906 in.) 
wide, was constructed nine years since, 
to convey the mineral products from the 
valley of the Brell to that of the Sieg, 
where the wide-gauge line passes, from 
Cologne to Giessen. It joins this line at 
the Hennef station. 

As, for a considerable part of its length, 
it uses the side-space of an adjacent way, 
it presents a certain number of curves ot 
38 metres radius, and inclinations of 125 
milimetres per metre. __ 





The rails weigh from 10 kil. to 13 kil. 
per metre, 

The two locomotive engines, which 
perform the traction, have three axles, 
coupled, and wheels of 0.70 metre. They 
-— fully 12,500 kilog. (124 tons). 

The wagons, which are of good shape 
for a railway of this kind, are, unfortu- 
nately, rather heavy; they weigh 2; tons, 
and carry a net weight of 5 tons. 

As an important fact, we may remark 
that the tonnage is greater on a descent 
than on arise. On a rise it is 13 per 
cent. ; on a descent, 87 per cent. 

The line cost 558,000 fr. (£22,320); or 
25,250 fr. per kilometre, including 4,250 
fr. for rolling stock. 

The account of the company closed 
some years since with a net profit of 
36,700 fr., or more than 6} per cent. ; but 
this result has not been maintained. 


8.—San Leone Line (Sardinia). 


Constructed in 1865, for the purpose of 
conveying to the sea the produce of the 
iron mines, this line of 15 kilometres 
(nearly 10 miles) long, and 0.80 metre 
(2 ft. 7.497 in.) wide, presents a maximum 
slope of 4 centimetres per metre. 

The sharpest curves have a radius of 45 
metres (49 yds, 7.685 in.). 

The locomotives being only 6} tons in 
weight, have permitted the use of rails of 
13 kil, (about 28} lbs.) per current metre. 

The wagons weigh 1,400 kilog. (27; 
ewts.), and carry loads varying from 
double to treble. 

This railway having ceased to work, in 
consequence of the mines which main- 
tained it having become unproductive, 
we have no data cither respecting the 
working or the profits made. 


9.—Monteponi Line (Sardinia). 

This line, 14 kilometres long, has slopes 
of 2) centimetres per metre, and curves 
of 100 metres radius, 

The distance of the rails from axle to 
axle is one metre, and the rails weigh 20 
kil. per metre. 

Also constructed in a hilly country, to 
convey the products of the mines towards 
the sea, this railway cost 59,000 fr. per 
kilometre. 

The rolling stock, which is estimated at 
11,000 fr., brings the total cost to 70,000 
fr. (£2,800). 

he six-wheel locomotives of 0.75 
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metre, coupled, weigh 16 tons, and the 
wagons are very remarkable; for, al- 
though made of iron, and covered, they 
only weigh ico tons, and carry a load of 


five. 


Lixzs or Norway. 


10.—Hamar Hlverum. 
11.— Zrondhjcm-Stoeren. 
12.—Dramman Ransford. 


These three lines, so often referred to 
since the question of the narrow gauge 
was raised, include respectively, lengths 
of 39, 48.6, and 90 kilumetres, with a 
maximum slope of 12, 23, and 17 milime- 
tres per metre. The radius of the curves 
gocs as low as 270 metres, and in the 
second even to 225 metres. The distance 
of the rails, which weigh 18 kil. per cur- 
rent metre, is 1.067 metre (3 ft. 6 in.). 
The locomotives weigh 17 tons, and have 
four coupled wheels and two hinder 
wheels. The driving wheels carry 13 
tons. 

The wagons weigh, on an avcrage, 3 
tons for a load of 5 tons; a considerable 
dead weight. @ 

The cost of construction per kilometre 
was, for the first, 49,100 fr., 6,8C0 fr. of 
which was for rolling stock; for the 
second, 83,333 fr.,* 5,088 fr. of which was 
for rolling stock ; and for the third, 70,424 
fr., including 6,160 fr. for rolling stock. 

The first two of these lines, opened in 
1862 and 1864, had only yielded an insig- 
nificant profit in 1866, the date on which 
the third was opened. 


13.—Beras- Uddevalla (Sweden). 


This line was partly worked in 1866, 
and was finished in 1£67. 
It is 131 kil. (81.401 miles) in length, 


of 1.20 metre gauge (over 47 in.), and in 
a country which is so comparatively level, 
that the slopes do not exceed 0.0166 
metre, and the radius of the curves is not 
more than 300 metres; nevertheless the 
results have not been brilllant. 

Although the cost of construction, in- 
cluding the rolling stock, did not amount 
to more than 71,790 fr. per kilometre, it 
has only yielded a dividend of 1-2 per 
cent. on the capital. 





* The land was very uneven ; the excavations 
and embankments are considerable, and there 
are no less than ten bridges, three of which are 
very long and very high. 





The locomotives have six wheels, four of 
which are coupled. ’ 

The rails weigh 22.5 kil. (49.604 Ibs.) 
per current metre. 

Beyond this we have little information 
respecting this line. One important de- 
tail, however, we have, that is, that the 
transfer of goods frcm the wagons of nar- 
row gauge to those of the wide gauge, by 
the side of which they can ke placed, only 
costs 10 centimes per ton. jj 

14.— Uitenberg-Kaping (Sweden). 

This railway joins the Uttenberg iron- 
works, ard the saw-mills of this district, 
to Lake Malar, and the wide-gauge lines. 
The construction of this line is one of the 
most economical that we know of. 

Its total length is 36 kilometres (22.- 
364 miles). It is made of rails of 18 kil., 
placed at a distance of 1.09 metre. The 
slopes do not exceed one centimetre per 
metre. The curves descend to 260 metres 
of radius, and the cost of construction 
was as follows: 


Permanent way 
Remng BtOeK. .... .coveccecss 


Total cost. 


© The locomotives with four coupled 
wheels weigh 13 tons, 

The gcods wagons carry 6 tons, and 
weigh from 2 1-2 tons to 3 tons. 

‘The working, commenced in 1866, pro- 
duces a net profit of 41-2 percent. on the 
above capital. 

E 15.— Vierhovie to Livny (Russia). 

At the commencement of 1870, the Rus- 
sian Government appointed a commission, 
of which Count Bobrinsky was president, 
to examine the Festiniog line,and to report 
upon the results of its working. 

The report of this commission, favor- 
able to the narrow gauge, recommended 
that of 1.067 metre (3 ft. 6 in.), and the 
construction of 61,500 metres (571-2 
versts) of that gauge was decided upon 
by the Imperial Government. 

It was formed in a country attended 
with great difficulties of construction. In 
the middle of its length it crosses the 
river Limbovsha, over a viaduct 128 
metres (140 yards) long, and 13.7 metres 
(45 ft.) high. At this point the level of 
the rails is 108 metres lower than at the 
extreme stations. 
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The strongest fall admitted is 1 in 80, 
or 0.0125; it goes over 8,850 metres (96. 
79 yards) in one sense, and 6.440 metres 
(7,043 yards) in the other. 
the declines comprised between 0.0125 
and 0.01, extends over a total length of 
23,400 metres (14 miles 951 yards). 

There are 55 curves, the sharpest of 
which has a radius of 208 metres (227 1-2 

ds.). 

The bridges, which number 52, are all 
built of wood, in the Norwegian style: 
the largest is 154 metres (168 yds. 1 ft. 3 
my and 24.40 metres (80 ft.) high. 

he rails, laid on wooden sleepers, are 
6.10 metres long, 0.102 metre high, and 
weigh 22.3 kilogrammes per current 
metre. 

All the buildings are of wood, except 
the workshop and the locomotive house, 
which are of brick. 

The rolling stock consists of two loco- 
motive-tenders, weighing 17 tons, and 
five other locomotives, weighing 351-2 
tons. 

Seventeen passenger carriages, and 266 
goods wagons, of which the relation which 
the net weight bears to the gross weight 
is very high, as will be seen from the fol- 
lowing figures : 

Flat wagons, relation of the weight to the tare ane 

n “ “oe “ q 


oO 
Closed ‘ 6s ss 2.66 
Brake ‘ ss “6 1.01 


A train of fifty wagons weighs on an 
average 350 tons, 242 tons of which is net 
weight. 

The construction of this line cost 95,- 
000 fr. per kilometre (25,500 roubles per 
verst), Of this sum, 26,000 fr. is for 
stock. 

It was opened in 1871, but nothing is 
yet known of its financial results. 


16.—Novgorod-Tchudowa (Russia). 


This line, of 1.067 metre-gauge (3 ft. 6 
in.), and 73.2 kilometres (about 46 miles) 
in length, is constructed in a flat country, 
and is principally used for passenger traf- 
fic. Its engines are on the same principle 
as those used on other European rail- 


ways. 

F ora net weight of 6 tons, the open 
wagons on this line weigh 2,200 kilogram- 
mes (43 } cwt.), and the closed ones 2,600 
(51 cwt.) 


The total of 





The cost of construction amounts to 
67,500 fr. (£2,700) per kilometre. 

This railway is of little interest, as the 
traffic is principally for passengers. Be- 
sides, it is of too recent date for us to 
have any data respecting the result. 


IL— Advantages and Inconveniences of 
the Nurrow Gauge. 

The advantages of the narrow gauge 
are insignificaut, unless it be adapted 
with a view of being used for a large 
number of trains, composed of wagons 
lightly loaded, and drawn by light loco- 
motives, 

Railways of narrow gauge can have no 
pretension to cope with the requirements 
of a large and rapid traffic. 

When we speak of trains heavily load- 
ed, or swift express trains, we mean @ 
locomotive possessing a considerable fire- 
grate area, and of greut stability, things 
which are only obtained with difficulty 
with a gauge of 1.50 metre, and are radi- 
cally irreconcilable with a reduced gauge, 
and a diminution of the radius of the 
curves. 

In considering the question, then, we 
will take for granted— 

1. That the traffic on lines will never 
require a greater speed than from 30 to 
35 kilometres (20 to 23 miles) an hour, at 
the most, for passengers, and 20 to 25 kilo- 
metres (14 to 16 miles) for goods, 

2. That the trains will be numerous, 
and relatively light. 

These two conditions will admit of a 
narrow way, with light rails, with curves 
of small radius, and strong slopes, light 
locomotives, short wagons, with the axles 
near to each other, all, as we shall see, 
elements of real economy. 

Thus put, the question will be divested 
of nearly all the objections generally 
urged, and we shall have little else to do 
than to speak of the advantages in its 
favor. 

As far as we are concerned, we consider 
these conditions to be the exclusive pro- 
perty of railways of narrow gauge; and 
when once they are departed from, all the 
advantages turn against them, and become 
so many inconveniences. 


A.,—ConstRUCTION OF THE LINE. 
1.—TZhe Land. 


The length and width of the land re 
quired diminish at once, so that for 3 
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narrow way there is a considerable sav- 
ing in the purchase of the land. 

"The importance of this element will 
necessarily be in proportion to the value 
of the land in the district where the line 
has to be constructed. 


2.— Excavations and Embankments. 


(a.) Lateral Sections.—The reduction 
of these sections may become very con- 
siderable. We may regard it as approxi- 
matively proportionate to the difference 
in the width of the line, and the height 
of the excavation orembankment. It has 
nothing to do with the slope of the em- 
bankment. 

(b.) Longitudinal Sections.—Here the 
economy is manifest. ‘The length of the 
line diminishes considerably from the 
moment that the ascents and descents in- 
crease, Between two given points of al- 
titude, all things being equal, the length 
of the line will be in inverse proportion 
to its average bias. 

Besides, in proportion to the curves of 
small radius, the line can adapt itself 
more easily to the sinuosities of the ground, 
follow what the English call the dines of 
surface, and easily avoid considerable 
works of art. 


3.— Works of Art. 


A reduction of width will be of great 
value with respect to these, and especial- 
ly where tunnels arenecessary. As well 
as being reduced in number, their impor- 
tance will also be diminished. 


4.— Laying down of the Line. 


(a.) Ballast—The great reduction in 
the trunk of the line, and the diminution 
in the height of the ballast, which, in a 
narrow line, may fall as low as 12 or 15 
centimetres, will ensure a considerable 
saving. 

(6.) Logs,—The expense of blocks will 

be reduced in every-way; they will be 
less in number, shorter and thinner. 
_ (¢.) Rails and Accessories —The wide 
lines now have rails of 36 to 38 kilo- 
grammes (79 Ibs. to 83 lbs)., per current 
metre; whilst narrow lines, as we have 
seen, have rails of 10, 13, 18, 20, 25, and, 
at the most, 28 kilogrammes per curreat 
metre, or a reduction on an average of 
50 per cent. in rails, 

In a word, as regards the construction 
ofa line, the economy attending the adop- 








tion of the narrow gauge, with all the con- 
ditions of working which it implies, is 
very great. 

The majority of European lines of 
wide gauge have cost, for the line alone, 
from £8,000 to 14,000 per kilometre 
(1,993.633 yards): and it must be admitted 
that it requires great care in laying out the 
line, and in considering such special con- 
ditions as the land, to keep below the 
amount of £6,000 per kilometre, when 
the lineis a wide one. Now the Euro. 
pean lines of wide gauge, according to 
where they are constructed, have cost 
from 16,000 fr. (£640) to 91,000 fr. (£3,640) 
per kiiometre, and on an average £2,280, 

When we look at these figures there 
is great reason to believe that a large 
amount of useless capital has been sunk 
in lines of wide gauge ; and this ought to 
induce us to return to the construction 
of economical lines, wherever the traffic 
is capable of being developed, and where 
there is no hope of its soon increasing to 
such an extent as would justify the con- 
struction of lines of wide gauge. 


B.—Rotturne Stock anp TRACTION. 
1.— Locomotives. 


In proportion as | are light, loco- 
a 


motives cost more, relatively to their 
power; but this is only a small expense 
compared to others, and we shall not stop 
to consider it. We have seen by the fore- 
going table, that the weights of the loco- 
motives used in Europe, on reduced lines, 
vary from 15 to 18 tons. 

By using an engine on Fairlie’s sys- 
tem, the Vierhovie-Livny railway has 
been enabled to use a locomotive of 35 
tons weight, on a line of 1.067 metre 
(42 in.). 

This is aremarkable result, but it does 
not justify the opinion of Mr. Fairlie, that 
his locomotive is the indispensable auxil- 
iary of the narrow guage. 

There is here a practical question to 
solve in each case. In proportion to the 
traffic, what is the adhesion, and, conse- 
quently, the serviceable weight that en- 
gines should have ? 

This weight—can it be fixed at one, two, 
or three axles, without straining the rails ? 
If it can, then engines such as Fairlie’s 
ought to be avoided; if it cannot, it will 
be necessary to choose between those of 
Fairlie’s system and others. 
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2.—Passenger Carriages. 


Passenger carriages are very difficult 
to construct for the narrow gauge; as 
soon as it goes down to one metre, and 
less, the number of seats in a carriage is 
necessarily reduced. , 

But we calculate that the cases which 
require the construction of a line of nar- 
row gauge are always those where sec- 
ond-class carriages may be used, and that 
the fare can be raised without causing any 
inconvenience. 


3.—Luggage Wagons. 


It is here where the question of the nar- 
row gauge becomes most interesting. 
By making the wagons short and com- 
pact, we effect a great saving in the price, 
and the tonnage of these vehicles is not in 
the least diminished. 

Let us consider this question more 
closely, and by the light of facts. 

It is a rare thing to see, on large rail- 
ways, good wagons (except flat ones), 
which weigh less than half the net weight 
which they have to carry. 

Taking into account the locomotive, 
the tender, brake wagons, etc., we may 
say that in case of a good train fully 
loaded, the net weight can only be caleu- 
lated at 60 per cent., the dead weight be- 
ing at least 40 per cent.; the wagons may 
be ever so lightly loaded, or even empty ; 
it may easily happen on large lines, that 
only half the entire weight consists of 
goods, 

In a narrow-gauge line, the tonnage of 
the wagons will, doubtless, be reduced ; 
but as we have already seen, it is easy 
to make a wagon solid enough to convey 
three times its own weight. 

It is only in exceptional cases, where 
the goods are bulky, cumbersome, and 
light, that these advantages are lost. 
Generally speaking, with dense bodies 
such as the produce of quarries and mines, 
we arrive at the normal condition of the 
trains, where the dead weight of the 
wagons is only a quarter of the whole 
weight. 

In support of this, we may also observe 
that a reduced tonnage is more easily 
compatible with full loads, than a high 
tonnage, for which a considerable traftic 
is an indispensable necessity. 

It is not without reason, then, that the 
reduction of the dead weiyht has been 





made the war-horse of narrow-gauge 
lines. 

On lines of wide gauge, we may say 
that the dead weight increases daily, in 
consequence of the requirements of the 
traffic. 

The speed of the train, the rapid man- 
cuvring, etc., require a rolling stock 
more and more solid, and, consequently, 
heavier and heavier. 

These requirements are not felt on nar- 
row gauge lines, 


C.—Cost or WorKING. 


The cost of working a line in full activ- 
ity being in proportion to the number of 
trains which run upon it, it will be seen 
that we have two essential elements of 
reduction of the expenses in : 

1. The reduction of the length of the 
line by the adoption of an economical 
plan. 

2. The iacrease of the relation be- 
tween the serviceable load and the dead 
weight which will diminish the number of 
trains for the same traffic. 

We must also add, less wear and tear 
of the road; that is to say, making a bet- 
ter use of it, by running light locomo- 
tives, the wheels of which do not press 
with greater weight upon the rails than 
those of the wagons. 

On large railways, the whole of the 
line is constructed with a view to loco- 
motives, the axles of which are twice as 
heavily weighted as those of wagons. 
Thus, the construction of wagons which, 
when loaded, press as heavily on the rails 
as the heaviest locomotives, may be 
looked upon as one of the desiderata of 
our great traffic lines. 

The wear and tear of the rails certainly 
form one of the largest items of expense 
in a railway, which can be reduced by 
adopting the narrow gauge. 

As we have pointed out above, the cost 
of constructing the line and the price of 
the rolling stock being much less, the 
working will not be hampered as it is in 
large railways, by the necessity of pay- 
ing the interest on the large capitals sunk. 
French engineers who have examined the 
question maintain that, for an economical 
line, a traflic of 60 to 80 tons per day is 
sufficiently remunerative. 

The European reduced lines, with excep- 
tion of the Scandinavian, which have not 
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sufficient traffic, have produced financial 
results that the immense majority of lines 
of wide guage might envy. 

We meet here an objection often urged 
against narrow-gauge lines, when they 
have to come in contact with those of 
wide gauge. This objection consists: 

1, In the expense of transferring the 
goods from one set of wagons to another. 

2. In the delay thereby occasioned. 

8. In the damage done to the goods 
transferred. 

4. In the necessity of furnishing the 
narrow-gauge line with wagons and tools 
as complete as if it were the only line in 
the world, seeing that it cannot borrow 
any of the material belonging to the 
wide-gauge lines. 

These objections are of that kind 
which, instead of throwing light upon 
discussions, only envelop them in a fog; 
they confound what is general with what 
is only peculiar, and fall, at one and the 
same time, into those numerous cases 
where the reduced lines are isolated from 
the wide ones, as well as into those where 
the course of the line is towards seaports, 
rivers, or canals, 

Each of them must be examined separ- 
ately to appreciate their importance. 

Thus, the cost of transferring goods, as 
we have shown carefully, in speaking of 
European lines described in this work, is 
20, 18, 15, and even as low as 10 centimes 
per ton, according to the place. 

There is no doubt that, by the adop- 
tion of mechanical contrivances, it may be 
‘done for the lowest figure we have quoted, 
whilst at the same time the rapidity with 
which the work may be done would be 
so increased as to remove altogether the 
second objection. 

It is evident a priori, that a very small 
economy in working would suffice to 
cover the maximum charge mentioned 
above. 

It will be sufficient, for example, if the 
adoption of the narrow gauge has short- 
ened the line by a few kilometres, for the 
cost of transferring the goods will be 
more than counterbalanced. 

We need not say that the means adopt- 
ed for the transfer of merchandise ought 
to be used for every category of trans- 
ports, to avoid damige; thus, there only 
remains the fourth objection, which also 
resolves itself in each particular case in- 
to acomparison between the cost of roll- 





ing stock and the importance of the 
traffic. 

The great objection with respect to the 
reloading of goods is, therefore, a phan- 
tom, which vanishes, if we keep within 
the limits ofany given data, and is easily 
appreciated when, in any particular case, 
it resolves itself into a question of francs 
and centimes. 

It will be well to add to this chapter 
an important consideration respecting the 
way in which the traffic is generally dis- 
tributed on lines of narrow gauge, when 
constructed in hilly countries, They have 
then strong slopes, which at first seem to 
increase considerably the cost of work- 
ing, especially in regard to the traction 
and the staff employed. 

This consideration is that the elevated 
points of a mountainous region are pro- 
ductive and not wasteful. 

By the force of things, the greater part 
of the traffic goes down the descents; it 
is only the empty wagons which ought 
to go up the ascents. 

In taking the precaution, then, in lay- 
ing out the line to have the ascents as 
much as possible in the same direction, 
the traction of the serviceable load may 
be made to cost little or nothing, and the 
fact that the dead weight alone remains 
to be dragged up the ascents will show 
the importance of lessening it, and the 
value, from this point of view, of lines of 
narrow gauge. bows 


{IL—On the Width of Line which ought 
to be Adopted by Preference. 


We have already said that we do not 
regard the narrow gauge as appropriate 
to the large currents of international 
traffic by which the continent is intersect- 
ed. The speed of the passenger trains 
and the weight of the goods trains will 
always operate as a barrier. 

But where for the first time the want 
of communication and the means of trans- 
port arises, the above conditions cannot 
be all at once realized. 

The necessity of constructing and of 
working cheaply leads every judicious 
mind to preter the use of a reduced 
width. 

How far ought this reduction to go ? 

In general terms, this is a question that 
cannot be solved, and those who are most 
competent have shown by the contradic- 
tion which characterizes their solutions 
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that the problem thus presented is beyond 
their reach. 

Thus, the Russian commission of 1870 
has adopted and recommended the Nor- 
wegian gauge of 1.067 metre (3 ft. 6in.), 
and on that account no other gauge has 
been used in Russia. 

Mr. Fairlie maintains that the gauge 
of 0.91 metre (3 ft.) gives the minimum 
of relation between the dead weight and 
the serviceable load of the wagons; ac- 
cording to him, if the line be made either 
wider or narrower, this relation in- 
creases, 

Mr. Spooner admits that this limit 
oes to 0.76 metre (2 ft. 6 in.), for which 
e gives tolerably good reasons. 

he German engineers were less ab- 
solute, and more correct when they said 
that it was of interest to every one—con- 
cessionnaires and workers—to have only 
two gauges, viz., 0.75 metre and one me- 
tre (2 ft. 5} in. and 3 ft. 3.87 in.). 

Any country being given with a profit- 
able traffic, estimated according to its na- 
ture and quantity, what was theoretical 
becomes practical and susceptible of solu- 
tion. 

If the passenger traffic is important, or 
ifthe greater part of the material to be 
transported is light and bulky, it is nee- 
essary to adopt a gauge of about a metre 
(3 ft. 3.37 a and construct lines, loco- 
motives, and wagons as light as possible. 

If, however, the traffic is in ponderous 
materials, such as the produce of mines, 
the gauge of 0.75 metre (2 ft. 5} in.) 
would unquestionably be the best, and 





would suffice forthe transport of any 
other goods. 

If it became a question of long lines, 
or of asystem intended for the transpor- 
tation of ores, it would be better to stick 
toa gauge of 0.60 metre (1 ft. 11} in.). 

To sum up, then, let us have no abso- 
lute and abstract solutions, which only 
lead to grief, but a rational examination 
of the conditions of each line. 

It is the prevailing nature of the traffic 
which must determine what kind of roll- 
ing stock must be used, and what width 
of line is the best to be adopted. 

In a new country where a whole sys- 
tem has to be created, we must, so to say, 
imitate nature: we must construct, at a 
width of 1.50 metre (4 ft. 11 in.), those 
large arteries which, like wide rivers, are 
intended to be used for the transport of 
men and matter. 

Next to that, let alineof 1 metre, 
like alarge river, carry life and move- 
ment into provinces where the road 
exhibits few inequalities, and into agri- 
cultural districts, with their light and 
bulky products, and active passenger 
traffic. 

Lastly, let a narrow way of 0.75 metre 
(2 ft. 5} in.) wind like a torrent through 
mountain gorges, oe mineral pro- 
ducts, and bringing them either to the 
wide line or the sea. 

Thus, the question of an economical 
and profitable construction of a system 
of railways, corresponding to the rational 
requirements of traffic, will be resolved 
for all. 
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L* 

TueE word Meteorology is derived di- 
rectly from the Greek, and signifies liter- 
ally “the study of things above us;” but 
though the sun, moon, stars, and what 
are known collectively as the “ heavenly 
bodies,” are certainly above us, meteor- 
ology has little or nothing to do with 
them, not even with meteors. By mod- 
ern use—for the word, with scarcely any 

* This is the first of the course of Lectures de- 


livered at the Royal Naval College ; the others will 
follow in succession. 








difference, is in all European languages— 
meteorology means distinctly that science 
which treats of the air, its state and con- 
dition, the changes to which it is subject, 
and the phenomena which these changes 
give rise to. Now, the air is subject to 
great many changes; and the science is 
really one of very wide scope, and has 
many different branches. It includes, for 
instance, all questions of medical climat- 
ology, such as the advantages of Nice, 
Algiers, Madcira, Ventnor, or Torquay 
as wintering places for invalids; it in- 
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cludes, again, all questions of climate as 
affecting agriculture, or the geographical 
distribution of plants and animals, and 
thus becomes intimately associated with 
the sciences of botany, zoology, and ge- 
ography; whilst, as stretching into the 
distant regions of the air and the wide 
expanse of space, it is closely connected 
with astronomy. 

Again, it includes all questions relating 
to weather; and this is, perhaps, its pop- 
ular side, for the interest which attaches 
to weather is universal. We English are 
supposed to have a singular faculty of in- 
troducing it in conversation; and hosts 
of cheap almanacs turn a tidy penny 

. : 
every year by their appeals to the gulli- 


Fig, 1. 
HADLEY’S THEORY. 





bility and ignorance of the public; for 
they are, really, unmitigated rubbish. 
Whatever advance we may be making in 
the scientific study of meteorology, we 
have as yet made very little indeed in 
that special branch of it which would 
foretell weather changes ; we have scarce. 
ly, if at all, improved on the knowledge 
of the traditional shepherd of Salisbury 
Plain, who. on a bright sunshiny day, 
confidently warned the passing traveller 
of the coming shower, because, as it 
turned out on inquiry, he had noticed the 
ram of his flock scratching himself in a 
gorse-bush. There is no doubt about it; 
animals know a great deal more about 
the proximate weather changes than we 
do; and our finest and most delicate me- 
teorological instruments are as yet, on 
this point, far inferior to their natural sen- 
sibility. It is indeed true that the Mete- 
orological Office is often able to give 
warning of a change in the weather, 
sometimes even a couple of days before 
it comes on; but how? Simply by get- 


ting speedy knowledge of the weather ac- 
tually prevailing or impending, of the 
changes actually going on in some distant 
place. A mest elaborate network of tel- 
egraph wires connects the office in West- 
minster with stations scattered broadcast 
over England, Scotland and Ireland— 
nay, I should say, over Europe; and by 
means of these any atmospheric disturb- 
ance or change is known in the office al- 
most as soon as itis inthe country where 
it is taking place. Scientific study then 
comes into play ; by long-continued ob- 
servation and comparison it is now known 
that the gales which ravage our coasts 
almost (though not quite) invariably come 
in from the westward. No matter what 
the direction of the wind may be, west or 
east, south or north, the gale makes its 
first appearance on the west coast of Ire- 
land, and the first notice of it comes to 
the Meteorological Office from Valentia 
or Galway ; and it is by a comparison of 
the telegrams from these and other, more 
meu the intermediate stations, that 
the forecast is made and the warning 
transmitted to the several ports. But 
the knowledge which enables such a fore- 
cast to be made is evidently quite a dis- 
|tinct thing from a knowledge which 
| would enable its possessor, from his own 
| resources, and without extraneous aid, to 
tell what the weather is likely to be (say) 
to-morrow ; or in any way at all, to tell 
what it is likely to be this day next 
year; in this we have simply made no 
advance whatever. 

The subject of these lectures, then, has 
no reference whatever to special prognos- 
tications of weather; on that point I am 
as ignorant as any of my neighbors. No! 
our subject here is that branch of meteor- 
ology which treats of the prevalence of 
certain weather at different seasons in 
different parts of the world, in diflerent 
seas, on different coasts, and links itself 
closely with the study of natural, or, as 
it is commonly called, physical geogra- 
phy. For of this we really have some 

nowledge, and every day adds to it; 
every ship which sends a well-kept log to 
the Hydrographic Office, or to the Mete- 
orological Office, renders that knowledge 
more certain and more complete; every 
traveller or explorer who brings home a 
sensibly kept journal contributes some- 
thing to our information, and enables us 
to speak with greater accuracy and con- 
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fidence as to the weather, the winds, the 
rainfall, the heat or cold which prevails 
according to the locality and the season. 

But let there be no mistake as to my 
meaning. We can speak confidently as 
to the general run of wind or weather at 
any time,in any place; but distinctly, 
we do not assume a right to speak as to 
the particular weather on any particular 
day named, I will give you a familiar 
instance of this. It is pretty generally 
known that at the end of the year, we— 
here in London and its immediate neigh- 
borhood—are apt to get bad fogs; the 


Fia. 2. 
MAURY’'S THEORY. 


regular recurrence of these fogs is a dis- 
tinct feature of our climate; and No- 
vember is commonly spoken of as the 
month in which they are most frequent. 
Well, last November we had not one 
worth speaking of. A medical man, who 
has been practising here for more than 
thirty years, tells me that he does not re- 
member such a November in the whole 
of that time. But, on the other hand, in 
the last week of October we had three or 
four days’ fog, so thick that we could not 
see half-way across the street ; and again, 
in the very beginning of December, we 
had a whole week of fog, still darker, still 
more dense, and so pvisonous that it 
killed outright the fat beasts at the cat- 
tle-show in Islington, and doubled the 
death-rate of mankind in the metropoli- 
tan district. Now, as I have just said, 
these fogs could safely be predicted, not 
for any particular day, or week, but for 
the season; and any asthmatic or con- 
sumptive patient could be warned to get 
out of the way. And in exactly the same 
manner we can warn ships to look out 





for, and specially prepare for, bad weath- 
er at certain seasons in the several parts 
of the globe. We can do much more than 
this; we can confidently say of many lo- 
calities the chances are that at certain 
seasons named such or such will be the 
wind or weather; and this nevertheless 
confidently because some individual ship, 
being there at that season, meets with 
weather of the very opposite description. 

But since, after all, we can only speak 
of probabilities, is the kiowledge of these 
probabilities worth having? A moment’s 
reflection will show you that in every- 
thing you do you are guided by proha- 
bilities—that nothing is certain. And in 
the matter more especially before us, the 
probabilities I speak of have very practi- 
cal value; for a careful and scientific 
study of these, as laid down by Captain 
Maury more than twenty years ago, had 
the almost immediate effect of shortening 
passages by about one-third, and of 
course of reducing the expense of the 
voyage, a saving which for the United 
Kingdom alone amounted to something 
like two millions sterling per annum, and 
for the whole world cannot be counted as 
less than five millions. You will find the 
stitistics of this in the introduction to 
the Physical Geography of the Svea. 

As I have mentione| this celebrated 
book, and its author, Captain Maury, I 
will take the opportunity ot reminding 
you that, considered as an exact science, 
nautical meteorology owes its present de- 
velopment almost entirely to him. I 
shall, in the course of these lectures, have 
to point out instances of mistakes he has 
male, of opinions he held which later in- 
quiry has proved to be incorrect; for 
when he wrote, the science was still in its 
infancy, and his means of accurate know- 
ledge were limited, as compared with 
those now at our disposal; but that we 
can, in these matters, see further and more 
clearly than he could, is due to the pains- 
taking manner in which he removed the 
obstacles that would have obscured our 
vision. No earnest student of nautical 
meteorology in the present diy, however 
much he may differ trom the opinions ex- 
pressed by Captain Maury, will be dis- 
posed to depreciate his labors; none can 
avoid the consciousness that if he sees 
further than did Captain Maury, it is be- 
cause he takes his stand on the scaffold- 
ing that Captain Maury erected. Lest, 
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then, any remarks on Captain Maury’s 
opinions, which I may hereafter find it 
necessary to make, should be considered 
as an attempt to extol myself at the ex- 
pense of his reputation, I say now, and 
once for all, that I should be sorry to be 
so much misunderstood; and that, though 
differing from him on many and even im- 
ortant points, Iam none the less, mere- 
y his follower and disciple. 

I have spoken, then, of the money 
value of the probabilities which we have 
to study ; but it is far from being merely 
a commercial matter; for, independently 
of the great fact that money is the sinew 
of war, and of moderna war more especial- 
ly, we can never allow ourselves to for- 
get that the protection of our commerce 
is one of the most important duties which 
our Navy has to perform. In important 
crises, the making a rapid passage is of 
infinitely more consequence to a man-of- 
war than ever it can be to a merchant- 
man; and it is the duty of a naval officer 
to be prepared for any emergency which 
an occur, Again, the conduct of actions, 
and still more of campaigns, has often, in 
times past, turned on a local knowledge 
of winds and currents; and if space per- 
mitted, I might cite numerous instances 
in which advantage has been gained by 
such knowledge, or lost for want of it. 
Assuredly if, so far as the merchant ser- 
vice is concerned, knowledge (in this re- 
spect) is money, in our own service it is 
emphatically, in the words of the old 
adage, power. Nor can this be considered 
an affair of the past ; for though battles | 
in future will be fought under steam, and | 
the station to windward or to leeward 
will be a matter of little consequence, 
the fighting a decisive battle is but a 
small part of the duty of a fleet in time of 
war, and the blockade of an enemy’s 
coast, or the maintenance of a distant 
station, must still be done to a great ex- 
tent under sail. The undue employment 
of steam power under such circumstances 
would necessitate’the expenditure of coal 
impossible, perhaps, to replace; and the 
fleet which should be found with empty 
<oal-bunkers, in presence of the enemy, 
would be scarcely likely to add to our 
naval glories, 

It is thus, then, that I wish to put the 
science of nautical meteorology before 
you as an important subject, calling for'| 
severe and exact study; not merely as| 





the subject of lectures which you may 
leisurely listen to, or of a book which you 
may carelessly glance over. As intel- 
ligent men I invite you to it, as the sci- 
ence which examines into, traces, and ex- 
pounds the phenomena with which your 
profession continually associates you; 
as naval officers I urge it on you as a 
science of practical utility, capable of de- 
veloping in a marked degree the arts both 
of peace and war, of promoting or pro- 
tecting commerce, and of helping, when 
need may be, in the maintenance of that 
proud position which we have inherited 
from our forefathers. 

To begin, then, at the beginning. Wind 
is air moving parallel or nearly parallel 
to the surface of the earth, with a dis- 
tinctly sensible velocity. Now, it is 
necessary to begin with this, for as in 
every branch of science false notions in- 
trude if we have not accurate definitions, 
if we do not know exactly what we 
mean, or what others mean, by the terms 
made use of, so, in the case immediately 
before us, a vast amount of nonsense has 
been talked, on account of the meaning 
of the word wind not being properly 
understood. Wind is often said to be 
simply air in motion, which as a general 
statement is vazue, but as a scientific de- 
finition is incorrect. Air may move per- 
pendicularly to the earth’s surface, but in 
such cases 1t is not called wind; it is an 

Fig. 3. 
LOOMIS’3 THEORY. 





ascending or descending current; but the 
important part of the definition [ have 


given is the last clause. The velocity of 
the air is distinctly sensible; unless it is 
so there may be motion, bat there is not 
wind. Thus, for instance, in any room 
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there is a great deal of motion, cansed 
not only by the unequal heating, but 
mechanically by the actual movements of 
every living thing in it, and markedly 
so in a lecture-room where a number of 
men are present; it has been repeatedly 
shown that a delicate anemometer will go 
round in consequence of the motion of the 
air caused by people getting up from 
their seats; but such motion as this is 
certainly not wind. 

Numerous experiments of many kinds 
show that the motion of air is not dis- 
tinctly sensible till it is nearly two miles 
an hour ; and the Vienna Conference last 
summer agreed that motion under one 
mile an hour must be considered a calm. 

Now the exact measure of the velocity 
of wind is a very troublesome operation, 
and, indeed, has never yet been satisfac- 
torily made. The instruments used for 
this purpose are called anemometers, and 
are divided into two distinct classes, 
those which measure the pressure, and 
those which measure the velocity. In 
each class there are many different and 
ingenious patterns, into the details of 
which it is not necessary for me to enter, 
the general principle being the same 
throughout. fn the first, the air moving 
against a certain flat surface of known 
area presses it in against a definite re- 
sistance, given either by a spring, or a 
weight solid or fluid. In the second, 
the air moving against certain small sails 
arranged round a rotating spindle, some- 
times as hemispherical bowls, sometimes 
as the sails of a windmill, causes motion 
in some clockwork, which is indicated on 
a series of dials. Those that are almost 
invariably made use of in this country 
are, of the first class, Osler’s anemometer, 
and of the second Robinson’s. This last 
is indeed the only one that is at all com- 
mon, and consists of four hemispherical 
bowls at the end of arms fixed horizon- 
tally on a vertical spindle.* 

he principle of these instruments 
being so simple, it would seem that the 
determination of the wind’s pressure or 
velocity ought to be a very easy and 
straightforward affair, and the change 
from pressure to velocity, or velocity to 
apart be a mere matter of arithmetic ; 
or it is very well known from elementary 





* For detailed descriptions of these and other ane- 
mometers, see Negretti and Zambra’s Treatise on Meteor- 
ological Insirumentis. 





dynamics that, in such cases, velocity 
varies as the square root of the pressure, 
or, in other words, that the numbers re- 
presenting the velocity in miles, and the 
square root of the pressure in pounds, 
have to each other a constant ratio. But. 
it has been found quite impossible to de- 
termine the value of this ratio; in fact, 
in practice it is found not to be a con- 
stant at all. This difficulty arises from 
the extreme irregularity and diversity of 
the motion in any current of air, which 
is such that the indications of a pressure: 
anemometer not only vary continually 
from minute to minute, but also depend 
on the shape and size of the surface 
against which the wind blows. Thus 
the pressure on a surface containing two 
square feet has no fixed relation to that 
on a surface of one square foot ; and not 
only that, but taking a uniform area of 
one square foot for the surface pressed on, 
the pressure is different, and in no con- 
stant ratio, according as the surface is- 
circular, square, or oblong; or even, 
when oblong, according as the long side 
is horizontal or vertical. It is these 
curious and irregular differences which 
tend to show that measurement by pres- 
sure is of little or no value; and on this 
account scientific measurements are now 
made, almost entirely, in terms of veloc- 
ity. But even this is by no means quite 
satisfactory; for it is found extremely 
difficult, and indeed impossible, to place 
the anemometer so that it may be entirely 
free from local influences; even where it 
is at a distance from honses and trees, 
there is generally some more or less 
trifling irregularity in the ground, which 
deflects the wind blowing from that di- 
rection, and either shelters the anemom- 
eter, or concentrates the current of air on 
it with exceptional force. It is thus con- 
tinually found that velocity anemometers- 
show a very marked difference between 
winds of the same estimated strength 
blowing from different directions—a dif- 
ference which offers very great difficulty 
to any accurate determination of the 
velocity, or to laying down any fixed 
rule for estimating the force. 

This, then, is the difficulty which stands 
in the way of the adoption of the Beau- 
fort Scale as a strictly scientific notation 
of the force of wind. On board ship, 
the Beaufort Scale is understood as being 
used with a certain amount of latitude, 
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and any officer in making the estimate is 
guided by many circumstances which 
jong training at sea enables him to ap- 
preciate. On shore it is more difficult ; 
and yet, in order to compare observations 
at sea with observations on shore, it is 
necessary that we should be able to re- 
duce them to a common standard; that 
we should be able to say what velocity 
corresponds to the several numbers of the 
Beaufort Scale. This reduction has not 
yet been made with an exactness that 
can be depended on; ard though the 
numbers in the middle of the scale may 
be considered as approximately deter- 
mined, the different estimates which have 
been made for the numbers near the 
beginning or end have a wide range. I 
give here the velocities which I myself 
have proposed, and those which have 
been proposed by Sir Henry James and 
by Mr. Scott, the Director of the Meteor- 
ological Office* : 





Number in Velocity in miles per hour. 


Beaufort | 
Seale. | 





According to 
Sir Henry 
James. 
7 
14 
21 
28 
35 
42 
49 
56 
63 
70 
77 


84 


Here 


proposed. Mr. Scott. 





8 
13 
18 
23 
28 
$3. 
40. 
48.i 
56.! 
65 
75 


90 


1 
2 
3 
4 
5 
6 
7 
8 
9 


120 





On every point connected with meteor- 
ology the opinion of Mr. Scott carries 
very great weight, and on this more es- 
pecially, as it is one to which he has given 
much attention. My own estimate was 
formed long before I had an opportunity 
of seeing Mr. Scott’s, and, indeed, before | 
Mr. Scott’s was altogether fixed; but, 
though I know the very great care he 
has taken in forming his estimate, I can 
scarcely agree with him that force 1 of 
the Beaufort Scale represents a velocity 
of 8 miles an hour; or that force 12 is 
adequately represented by a velocity of 
90. As I have said, the difficulties in 
the way of satisfactorily measuring low 





*For further information on this subject, see a paper 
by Mr. Scott in the Quarterly Journal of the Meteorological 
for July, 1874. 





\to take the place left vacant. 


velocities with a Robinson’s anemome- 
ter are almost insuperable; and it may 
fairly be doubted whether the extreme 
velocities can ever be more than guessed 
at. I purposely, therefore, leave the 
question undecided; but whatever opin- 
ion may be formed, I have said enough 
to show that the commonly received 
definition that wind is air in motion has 
no scientific meaning ; and that, whether 
we consider force 1 as denoting a velocity 
of 2 miles an hour, or 8, there may be a 
good deal of motion in the air without 
there being any wind at all. 

It follows, therefore, that in examin- 
ing into the forces which cause, or have 
been supposed to cause, wind, it is not 
sufficient merely to show that they are 
capable of causing motion ; it is necessary 
to show further that they are capable of 
causing that amount of motion which 
constitutes wind; and I call earnest at- 
tention to this necessity, for it is one that 
has been much overlooked, and its neg- 
lect has led to much confusion and diffi- 
culty. 

Now, the first and most evident cause 
of wind is heat, or, more strictly speak- 
ing, difference of temperature. It is very 
familiarly known that, as a general rule, 
almost without exception, heat causes 
bodies to expand, and that when a body 
is so expanded it is relatively lighter than 
it was before; its weight is distributed 
over a larger volume, so that its specific 
gravity is less. Just the same as any 
other substance, air is expanded by heat, 
and becomes specifically lighter. If, then, 
there are two masses of air in contact, 
and one of these is heated and made spe- 
cifically lighter than the other, the heav- 
ier presses in underneath the lighter, and 
forces it up. It is not correct to say (as 
is very commonly said) that the lighter 
of the two rises, and the heavier pours in, 
If you 
take a piece of cork and thrust it to the 
bottom of a basin of water and there 
leave it, it is not scientifically correct to 
say that the cork rises to the top, and the 
water pours into the vacant space; what 
takes place is this: the water being more 
strongly attracted towards the earth than 
the cork, presses in underneath the cork, 
and so thrusts the cork up; it exerts a 
distinct pressure on the under side of the 
cork, and without that pressure the cork 
will not move. In the same way, a bal- 
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loon filled with hydrogen, or other light 
gas, is lifted by the pressure of the sur- 
rounding air; and still in the same way, 
a quantity of air that has its temperature 
raised is thrust upwards by the adjacent 
air whose temperature has not been 
raised. 

But the way in which this is commonl 
described is incorrect and confusing; it 
directly implies that the heated air rises 
of its own accord and leaves its former 
place vacant, into which vacant place the 
adjacent air “rushes ;” it implies that the 
force which causes the motion is the 
whole weight of the adjacent air which 
rushes in, instead of being merely the 
difference of the weights of the two ad- 
jacent volumes; it implies that the air 
rushes in unopposed, instead of having to 
thrust the other air out. I do not for a 
moment suppose that such misconceptions 
exist in the minds of the many able men 
who have fallen into the popular and 


loose way of speaking on this point; but Y Uj 

I know that they do exist in the minds of | Seca 
many who have not given the subject due | 774=4™ 
attention, and have unthinkingly adopted I] ij) y Y 
incorrect phrases and erroneous ideas; | / 
and it is on this account that I dwell so} } 


persistently on what is really a very ele- 
mentary problem of hydrostatics. 

When, then, two masses of air, of differ- 
ent temperatures, and, therefore, of differ- 
ent specific gravities, are in contact,and the 
one forces itself in underneath the other 


and liits it up, as it does so it has a mo-| \ 


tion more or less nearly horizontal, and 
becomes wind if, as has been strictly de- 
fined, that motion is such as to be dis- 
tinctly sensible. Of such sensible motion 
we have a familiar example in every fire 
where there is what is called a good 
draught—that is, where the heated air, 
instead of being allowed to warm the 
room, is driven up the chimney and ex- 
pelled. On a larger scale, but in exactly 
the same way, air is put into every sensi- 
ble motion for the purpose of ventilation, 
both in public buildings and in mines; 


and it is the same way that differences of 


temperature at different parts of the 
earth’s surface, at different seasons, or at 
different times of the day, have been de- 
scribed as producing very marked winds 
either permanent or periodic. 

The first attempt at a scientific expla- 
nation of the principal permanent and 
periodic winds, om reference to differen- 





ces of temperature was published by Hal- 
ley in 16&6,* and is worthy of notice as 
being the outline of the theory which is 
still widely accepted. He argues that 
since air, which is less rarefied by heat, 
must have a motion towards those parts 
where it is more rarefied, and since the 
meridian of greatest heat is, by the sun’s 
daily motion, continually carried towards 
the west, the air, which tends toward that 
meridian of greatest heat, must also cor 
tinually move towards the west; that 
thus a general easterly wind is formed, 
so that the particles of air impel one an- 
other and so keep moving until the next 
return of the sun; and thus the easterly 
wind is made perpetual. And again, 
that since the air at the equator is neces- 
sarily much more rarefied than the air at 
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the tropics, and at still greater distances, 
it follows that the air in both hemispheres 
forces itself in towards the equator, and 
thus gives rise toa perpetual wind from 
the north-east or from the south-east. He 
argues further, that this rarefied air near 
the equator, being ascended, must dis- 
perse itself; that the upper air must, dy 
a contrary current, move from those parts 
where the heat is greatest, that so, by a 
kind of circulation, the north-east wind 
has a south-west wind above it, and the 
south-east wind has a north-west wind 
above it. 

The defects of this theory, known as 
Hailey’s, are apparent; such an expression 
as “a kind of circulation” is vague, and 
in no way explains the existence of these 


~# “ Philosophical Transactions,” vol. xvi. 
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contrary currents above the lower; nor 
does it s] ow why the air, flowing in to- 
wards the place of greatest rarefaction, 
should not mect the sun instead of fol- 
lowing it; why, in fact, there should not 
be a perpetual westerly wind instead of a 
rpetual easterly wind, as stated; and 
more especially it implies that these 
north-easterly and south-easterly winds 
must seoved ta all latitudes, and takes 
no notice of the westerly winds which 
we know prevail in many parts of the 
temperate zones. It can, in fact, be con- 
sidered only as an imperfect sketch which 
was left for Jater writers to complete. 
Accordingly, in the year 1735, George 
Hadley published* an amended theory, 
in which he argues that the easting of 
winds near the equator cannot be due to 
the cause assigned by Halley, since air 
must necessarily flow towards the place 
of greatest rarefaction, from all direc- 
tious, and as much from the west as from 
the east. Whilst, therefore, he accc pts 
Halley’s argument as showing that we 
ought to find northerly or southerly winds 
on each side of the equator, he maintains 
that air so moving towards the equator 
becomes deflected towards the west, by 
reason of the earth’s rotation, and the 


very different velocity of rotation on dif- 


ferent parallels of latitude. He argues 
that since the circuit of the equator is 
greater than that of the tropics by about 
2,083 miles, and the surface of the earth 
at the equator moves so much faster than 
the surface of the earth with its air at the 
tropics, it follows “that the air, as it 
moves from the tropics towards the equa- 
tor, having a less velocity than the parts 
of the earth it arrives at, will have a rela- 
tive motion contrary to that of the diur- 
nal motion of the earth in those parts, 
which, being combined with the motion 
towards the equator, a N. E. wind will be 
produced on this side of the equator, and 
a S. E. onthe other.” These winds, he 
continues, “asthe air comes nearer the 
equator, will become stronger, and more 
and more easterly, and be due east at the 
equator itself;” where we ought, there- 
fore, to have a constant easterly gale of 
80 miles an hour, did not the friction 
against the carth’s surface reduce it to 
the velocity of a gentle breeze. He gocs 
on to show that the heated air which is 


raised from the neighborhood of the 
equator must “s eal itself abroad over 
the other air, and so its motion in the up- 
per regions must be to the N. or S. from 
the equator ;” that after some time, and 
having moved some distance from the 
equator, it willlose part of its heat, and 
its density being thus increased, it will 
again approach the surface of the earth; 
that having, at the equator, attained 
the velocity of the surface of the earth at 
the equator, it has a greater velocity than 
the parts of the earth where it descends, 
and thus becomes a westerly wind, or 
rather by reason of its motion also from 
the equator, a south-westerly wind in the 
northern Lemisphere, and a north-west- 
erly in the southern; ‘‘ and thus the air 
will continue to circulate,and gain and 
lose velocity by turns from the surface of 
the earth or sea, as it approaches to or 
recedes from the equator.” 

This theory of Hadley’s has met with 
very general acceptance, though later 
writers have slightly modified some of 
its minor details, Sir John Herschel in 
particular* considers that the easterly 
direction of winds approaching the equa- 
tor must continually diminish, in conse- 
quence of the very slight difference be- 
tween the successive parallels, and of the 
continuous friction on the earth’s surface : 
that these winds therefore become more 
and morenearly north and south, and 
that as winds des north and south they 
meet at the equator, neutralize each other, 
and producea calm. It is this system of 
winds, so modified, that Ihave shown in 
Fig. 4; whilst the circulation of the air, 
as described by Hadley, is shown in 
Fig. 1. 

But Captain Maury has proposed a 
still further modification, not, indeed, 
affecting the general system of winds, but 
in the details of the circulation, which it 
is necessary tonotice. He considers that 
there is evidence of a continuous change 
of the air from one hemisphere to the 
other, and suggests that the air from the 
northern hemisphere and that from the 
southern cross through each other as they 
ascend at the equator; and that any par- 
ticular particle of air moves continuously 
from pole to pole, rising and falling in 
accordance with Hadley’s theory, but still 
moving on. 





* “Philosophical Transactions,” vol. xxxix. 





* ‘Outlines of Astronomy,” § 243. 
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It is impossible to consider this theory 
as anything more than a speculation, in- 
troduced to explain facts which them- 
selves rest on very inadequate evidence ; 
for neither in free nature nor in experi- 
ment have we any instance of currents of 
any fluid crossing through each other in 
the manner he has described. _In avoid- 
ing this difficulty, Professor Loomis has 
proposed a sasdilnesion of this theoretical 
circulation of the air; he does not, how- 
ever, give any clear explanation of the 
air forming ascending currents near the 
parallels of 69°; nor, does it appear 
why that portion of the air which, in 
the temperate latitudes, blows towards 


the equator as an upper current, should 
descend near the tropics and _ reverse 
its direction, so as to blow from the 
equator. 

The reputation of Captain Maury and 
of Professor Loomis seems to me suffi- 
cient reason for showing the theoretical 
circulation which they have put forward ; 
neither the one nor the other is essentially 
different from Hadley’s, and the minor 
details which they have introduced have 
not been generally accepted. I do not 
propose, therefore, to examine further in- 
to these details, but shall recur to the 
broad principle as enunciated by Hadley 





in my next lecture, 





THE MECHANICAL EQUIVALENT OF THE HEAT UNIT. 


(By FRANCI3 L, VINTON, A.M,%9C.E. 


Written for Vay Nostranp'’s MacaziNng, 


Tue dynamic equivalent of one thermal 


temperature, no latent heat absorbed as 


unit is one of the most interesting, not to some say. This last expression, however, 
say important factors just now, in all) is one which no authority will make use 
mechanics, theoretical or applied, and yet of at the present day, without at least ex- 
it seems to be little understood. In the} plaining that it is, like the denomination 
first place no heat whatever is necessarily | force of inertia, living force, arid some 
used or absorbed by a gas in simply ex-| other terms, entirely inappropriate and 
panding. Soule showed as long ago as/| even deceptive. 
1845 that unless‘a gas during expansion} The subject would lead to a volume. 
operates some outside work besides ex-|I will therefore only refer to another 
pansion, such as lifting the atmospheric | loose phrase which sometimes leads to 
column, its temperature and its quantity | fighting shadows; namely: “ The dynam- 
of heat undergo no change. ic equivalent of heat.” There is, in fact, 
This, moreover, is the basis of the|no dynamic equivalent of heat any more 
whole mechanical theory of heat. Your) than there is of gravity—both would be 


correspondent on page 400, in November 
Ecrecric, has. properly calculated the 
amount of heat employed in overcoming 


infinite to us; there is, however, a me- 
chanical equivalent of a unit of gravity, 
namely, one foot pound, or one kilogram- 





the atmospheric pressure, while a certain metre, according to the units of weight 
volume of air expands a certain amount,! and space which are assumed. There is 
and from that has shown as hundreds a'so a mechanical equivalent of a unit of 
have done, that the theoretical equivalent' heat, say 772 foot pounds or 425 kilo- 
deduced from the consideration of sp.|grammetres, and both mean the total 


heats, is very near Soule’s equivalent de- 
termined by experiment; the difference 
being only a few foot pounds, 5.2, accord- 
ing to his numbers. If that air had, how- 
ever, expanded into a vacuum, the varia- 
tion of volume and pressure would not 
have affected the apparent sp. heat of air 
—-there would have 


n no depression of 


molar work, independent of molecular, 
that a certain quantum of the force can 
effect operating over a certain space; to 
explain more fully, one unit of weight 
acting through one foot space can lift one 

ound one foot, and one unit of heat act- 
ing through one foot space can lift 772 
pounds one foot. 
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EFFICIENCY OF FURNACES BURNING WET FUEL. 


As DETERMINED BY EXPERIMENTS ON A LarRGE SCALE, 


BY PROFESSOR R. H. 


THURSTON, 


From “ The Transactions of the American Society of Civil Engineers.” 


1, Tue writer was recently called upon, 
in the course of professional practice, to 
determine the relative economical value 
of two forms of furnaces which were in 
use for burning wet fuel. 

The use of fuel, like spent tan or saw- 
dust, actually wet with water or sap, is 
so unusual, and is so seldom seen by the 
engineer, that a detailed account of an 
experimental investigation made upon 
two distinct varieties of furnace burning 
spent tan, wet from the leaches, will 

robably be considered as important and 
interesting by the other members of the 
Society as it was by the writer. 

2. Formerly, it was thought impossible 
to burn this waste product of tanners, and 
it was either thrown away, at considera- 
ble expense for carting, or was mixed 
with dry wood or other good fuel at some 
cost, or it was dried in the open air by 
the sun, or by artificial heat in kilns. 
Within a few years it has been found that, 
with exceptional skill on the part of the 
fireman or “stoker,” it could he burned 
with some success in furnaces only differ- 
ing from those of ordinary construction 
by having a brick arch turned above the 
grates; in others having “ cone” grates 
with special arrangement and proportions 
of air space; and with excellent results 
in a furnace having an overhead brick 
arch, with a grate so proportioned that a 
considerable amount of fuel could fall into 
the ash-pit and burn there, and with the 
separate “ovens,” two or more in num- 
ber, so arranged that the products of 
active combustion in one furnace should 
be mingled en route to the boilers, with 
the products of distillation and with mois 
ture expelled from the fuel, in a similar 
adjacent “oven,” or furnace, which fuel 
was, at the same time, drying under the 
heat radiated {rom the furnace walls and 
arch, and received from the fire in the ash- 
pit, thus desiccating preparatory to sub 
sequent combustion. The latter requisite 
of preliminary desiccation was secured 
-also by a system of “a!ternate firing” of 
the separate feed-holes in the same oven. 

ot. XII.—No. 1—6 





3. The secret of success would seem to 
be—as indicated by the examination of a 
large number and of a considerable vari- 
ety of furnaces burning spent wet tan 
with more or less success—the surround- 
ing of the mass of wet fuel so completely 
with heated surfaces and burning fuel 
that it may be rapidly dried, and then so 
arranging the apparatus that thorough 
combustion shall be secured, and that the 
rapidity of combustion be very precisely 


equal to and shall never exceed the 
rapidity of desiccation. Where this 
rapidity of combustion is exceeded, the 
dry portion is consumed completely, leay- 
ing an uncovered mass of wet fuel which 
refuses to take fire, and then combustion 
ceased entirely. 

In the ordinary steam-boiler furnace, 
Fig. 1, wet fuel has never, so far as the 
knowledge of the writer extends, been 
burned with even approximate success, 
Withdrawing the grates from under the 
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boiler, and securing a reservoir and radi- 
ator of heat, by throwing over them a 
brick arch, as in Fig. 2, gives a form of 
furnace, known either as a Morrison or a 
Crockett furnace, in which wet fuel has 
been burned with partial success, and 
when the grates are so set that some fuel 
may fall into the ash-pit as it dries, and 
there burn, the conditions become those 
of the second case to be described. The 
‘use of the form of grate—shown in Fig. 
3 (enlarged in Fig. 4)—giving ample 
space for fuel falling into the ash-pit, en- 
sures still freer combustion. This peculiar 


Vii Matis 
‘ } 


form of section also secures freedom from 
warping when highly heated. 

The first example of a furnace burning 
wet tan of which the efficiency was de- 
termined by the writer was of the kind 
known as the “Thompson Furnace,” 
which embodies all of the favorable con- 
ditions described in the preceding para- 
grap? This furnace is shown in section, 

ig. 5. 

There were six “ ovens” placed side by 
side, in two sets of three each, the chim- 
ney rising between them as shown at 4. 
The grate surface of each oven was 9 feet 





long, and 4 feet 4 inches wide, giving » 
total area of 234 square feet. Each fur- 
nace was charged through two heles, B 
and C, in the top of the furnace arch, the 
proper method being to fill these holes 
alternately. The grates were of fine 
brick, spaced about ~ inch apart, and 
supported along the middle line of the 
ash-pit by a brick wall. The thickness 
of these grates was nearly 3 inches. They 
were in four pieces, breadthwise the fur 
nace, a pair on each side the middle wall 
supported by abutting against each other 
in a manner somewhat resembling an arch 


FIG.3 
Mr 


A. shall 
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of but two voussoirs. Two doors at the 
end of each ash-pit permitted cleaning to 
be readily effected. The gaseous products 
of combustion leaving the furnaces en- 
tered a “mixing chamber” D, common 
to each set of furnaces, and thence passed 
through the flues 4 £ to the extreme end 
ot the boilers, returning through the tubes 
to the smoke-boxes F; and through the 
iron flue G to the chimney. 

5. The steam-boilers were three in 
number, of the plain multi-tubular vari- 
ety. Two were 4 feet in diameter, 14 
feet in length, and contained 32 four-inch 


FIG. 4 


tubes each; the other was 5 feet in diam- 
eter, 12 feet long, and contained 78 three- 
inch tubes. The total heating surface, 
reckoning all of the tube surface, one-half 
the surface of the shell, and all of exposed 
surface of the tube plate, was approxi- 
mately 2,000 square feet. Of this a por- 
tion was ineffective, the lower tubes 
being choked with ashes, and the remain- 
der was partly covered with deposit. 
The chimney was 90 feet high. 

6. The feed-water was heated in a 
closed heater by the exhaust steam of the 
engine driving the machinery of the tan- 


. 





oot eh whe 2D & A. Oe Se 


EFFICIENCY OF FURNACES BURNING WET FUEL. 


83 





nery, very nearly if not quite to the boil- 
ing point. The exhaust steam mingled 
directly with the water. On reaching 
the tank in which the water was meas- 
ured the feed water had cooled down to 
205° Fahr. ; thence it passed through the 
pump, and a considerable length of pipe 
across the street separating the engine 
from the boiler-house, and finally, around 
to the back end of the boilers, where 
branch pipes conducted it to each boiler. 

The temperature of the feed when en- 
tering boilers could not, of course, be de- 
termined, but it was probably at least as 
low as 190° Fahr., which is the temper- 
ature assumed in the estimate of effi- 
ciency, and it may have been somewhat 
lower. 


7. The measurement of the fuel was 
made as it lay on the leach, before it was 
disturbed for the purpose of being re- 
moved to the elieoheus, this precaution 
being taken to avoid error arising from 

sible changes of volumes due to such 
isturbance. In one case this transpor- 
tation to the furnace was performed by a 
screw, as grain is sometimes moved, and 
in the other case by cars, capable of car- 
rying nearly a cord, into which the tan 
was thrown from the leach by hand, and 
then was dumped at the furnace doors. 
A careful measurement showed the full 
leach to contain 8.04 cords of tan. From 
this 0.34 cord was taken to be weighed 
after being compressed until it was, as 
nearly as could be judged, as compact as 
when in the leach. 








8. Commencing at 9 o’clock a. m., the 
trial continued until the remaining 7.7 
cords were burned, closing at 10 o’clock 
P. M. 

9. The feed-water was measured by cut- 
ting the feed-pipe between the heater and 
the feed-pump, and conducting the water 
from the former into a wooden box 18 
inches wide and 4 feet long. The pump 
drew the water from this box, which or- 
dinarily stood full to the top. Occasion- 
ally, the water supply from the heater 
was shut off, and the time which was oc- 
cupied by the pump in reducing the level 
of the water one foot was noted. This 
was invariably very precisely 4 minutes. 
The quantity of water pumped into the 
boiler from the beginning to the end of 


the trial was 5.625 pounds, or 90 cubic 
feet per hour. 

10. The capacity of the pump was ori- 
ginally barely equal to the requirements 
of the case, and, at this time, its valves. 
leaked somewhat, making it necessary, 
not only to run the pump at its full speed: 
throughout the trial, but to keep the fires 
considerably below their maximum inten- 
sity to avoid the necessity of putting on 
the steam auxiliary to prevent the water 
getting dangerously low. The maximum 
evaporation on the trial was thus deter- 
mined by the capacity of the pump. The 
flue dampers were kept, as an average, 
something more than half open. The en- 
gineer estimated that he could have 
burned the fuel with nearly 50 per cent. 
greater speed, obtaining a proportionally 
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increased evaporation, could the pump 
have supplied so much water. 

11. The spent tan, coming directly 
from the leach, was so wet as to part with 
its water when squeezed, wetting the 
hand. It had been simply drained a few 
hours, and was as wet as it could be with- 
out dripping. The percentage of mois- 
ture is given below. 

12. As the result of the trial was con- 
sidered a matter of great importance, 
both directly and indirectly, it was essen- 
tial, not only to determine the amount of 
water entering the boilers, but to deter- 
mine as accurately as possible the quality 
of the steam made, thus ascertaining how 
much was “ primed ” over from them un- 
evaporated. As, under the conditions of 
this trial, each pound of steam obtained 
from the fuel about eight times as much 
heat as was taken up by water “ primed ” 
out of the boiler, the serious error which 
might arise by crediting the fuel with the 
evaporation of all water entering the 
tele, in cases where even a moderate 
amount of priming occurred, is evident. 
Instances sometimes occur in which more 
water passes off unevaporated than is ac- 
tually turned into steam. At least one 
instance has occurred in the experience of 
the writer in which the average amount 
of water primed exceeded by more than 
100 per cent. the weight of steam made, 
the percentage of priming, as the expres- 
sion is used in this paper, being over 60 

er cent. The error arising from the neg- 
ect of this circumstance told nearly pro- 
es in favor of a really yery poor 

oiler. A good boiler ought not to 
* prime,” when working properly, over 10 

er cent. when unprovided with super- 

eaters ; 5 pl cent. priming would rep- 
resent good work, and as low as 3 per 
cent. has been attained. 

13. The first precise determination of 
the amount of priming in steam boilers 
was probably made by the writer in No- 
vember, 1871, at a competitive trial of 5 
steam boilers entered at the Exhibition 
of the American Institute, the trial being 
made at the request of a Committee of 
Judges of which he was then Chairman.* 

In that instance, a large surface con- 
denser of about 1,100 square feet area of 
condensing surface was used, in which all 





*Trans. American Institute, 1871-2 i Journal Franklin 


oa 1872; Van Nostrand’s E eering Magazine, 





the steam made by the boiler on the trial 
was completely condensed. The water 
fed into the boiler was measured by 4 
meter, and, on issuing from the conden- 
ser, was again caught in a tank. The 
condensing water, which amounted to 
some 10 tons per hour, was measured by 
a meter. 

The temperature of the injection and 
discharged water, of the feed, the steam, 
the water of condensation, and of the es- 
caping products of combustion, were care- 
tully ascertained by suitably arranged 
thermometers and pyrometers, and were 
recorded in a log kept by selected stu- 
dents of the Stevens Institute of Tech- 
nology. The fuel and the ashes were 
weighed, and all data were obtained and 
recorded with the greatest possible care, 

14, The tabular statement of the re- 
sults, as given in the report of the Com- 
mittee, is reproduced as they are not oth- 
erwise obtainable by engineers generally, 
and as they are interesting and valuable 
in themselves, and particularly, as afford- 
ing a useful standard with which to com- 
pare the results obtained during this trial 
of tan-burning furnaces. The method of 
determining the percentage of primin 
will be given below. It should be state 
that the Root and the Allen steam _boil- 
ers were of the “safety” or “sectional” 
class; the Phleger boiler was also com- 
— of small tubes, but was surmounted 

y a large drum which was intended to 
contain some water, thus differing essen- 
tially from the two preceding in con- 
struction, and in the fact that no portion of 
the heating surface was above the water- 
line. The Root and Allen boilers both 
had a considerable amount of superheat- 
ing surface. The Lowe and the Blan- 
chard were peculiar forms of multitubular 
boiler, the former being distinguished by 
having a peculiarly designed combustion 
chamber, and the latter by its unusually 
large proportion of heating surface, as 
compared with the area of grate, and by 
its dependence upon a forced draught. 
All of these boilers gave exceedingly 
creditable results at this test. 

16. A very neat apparatus has been 
invented by Leicester Allen, of New 
York, for determining the quality of the 
steam furnished by a steam-boiler. One 
of these instruments was made under the 
direction of the writer, for a committee 
of the American Institute, and used in 
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1872, together with the apparatus already 
described, at the American Institute Ex- 
hibition of that year. 

17. At the trial about to be described, 
it was impossible to condense all the 
steam made, and as no “ Allen Calorime- 
ter” was obtainable, it became necessary 
to improvise apparatus for the occasion. 
The steam-pipe leading to the engine was 
tapped by a piece of gas-pipe, on which 
was fitted a stop-valve. From a short 
piece of pipe attached to this stop-valve 
a length of india-rubber hose was led toa 
convenient point beside the boilers, where 
a barrel was mounted on an accurate 
platform scale; 200 pounds of water 
were carefully weighed into this barrel, 
and when the scale beam precisely bal- 
anced, the weight was set ahead 10 

ounds, A very accurate thermometer, 
which had been provided by the writer, 
completed this crude yet satisfactory ar- 
rangement. 

At intervals during the trial the stop- 
valve was opened, and after allowing 
steam to blow through the hose freely 
until all water was expelled, and the 
hose was so thoroughly heated as to in- 
sure that no loss of heat, by the steam 
flowing through it, should produce con- 
densation and render the results inaccu- 
rate, the end of the pipe was plunged 
into the water contained in the barrel, 
and the issuing steam allowed to con- 
dense until the rise of the scale beam 
proved 10 pounds of steam to have been 
added to the weight originally placed in 
the barrel. The temperature of the wa- 
ter was carefully observed at the begin- 
ning and at the end of the experiment, 
and the rise of temperature recorded as a 
basis for the estimates of priming to be 
given. 

18. It was considered advisable to as- 
certain, if possible, the temperature of the 
products of combustion escaping to the 
er. No pyrometer was obtainable, 
and it became necessary to improvise an- 
other arrangement for this purpose. A 
mass of iron, weighing 60 pounds, was 
found and placed in the flue leading from 
the boiler, where it, after a time, attained 
the temperature of the gases flowing past 
it. A wooden vessel of convenient size and 
shape was obtained, and 50 pounds of wa- 
ter werecarefully weighed into it. At in- 
tervals of two or three hours the iron was 
suddenly removed from the flue and drop- 
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ped into this water. The initial and final 
temperatures were noted, and, with the 
range, recorded for use in calculating the 
temperature of the waste products of 
combustion. The pressure of steam was 
observed hourly. 

19. The collated observations gave the 
following data: 


Mean steam pressure during trial 71.4 pounds. 


Total amount of spent tan burned... . 7.7 cords. 
“ - “« water fed to boilers 73 125 pounds, 
Temperature of water entering boilers 190° Fahr. 
- in determining priming : 
Range. 
50° 


52° (?) 
53° 


Final. 
110° 


Initial. 
Ist observation 60° 
2d " 63° 124 (116°?) 
3d “1 62° 115° 
Temperature of water in determining temperature 
of flues : 
Ist observation 65° 119° 54° 
2d ” 63° 112° 59° 
Weight of one cord of wet spent tan, as measured 
in the leach 5 447.7 pounds. 
13 hours. 

20. The determination of the total heat 
derived rom the cord of fuel is the first 
and most important problem. To solve 
it, it is necessary to know the tempera- 
ture and weight of feed-water, the weight 
of steam produced and its tempera- 
ture, the weight of water heated to the 
temperature of the steam, but not evapo- 
rated, and the quantity of fuel consumed. 
From the data obtained we can readily 
ascertain the total number of units of 
heat utilized per cord of wet fuel 
burned, 

21. It is first necessary to calculate 
what portion of the 73 125 pounds of 
water passing through the boiler, was 
actually evaporated. Each pound of 
steam produced required for its genera- 
tion the quantity of heat needed to raise 
it from the temperature of the feed-water 
to that due the pressure under which it 
was formed, and to vaporize it at that 
temperature. Each pound of water car- 
ried away in suspension by the steam 
only absorbed from the fuel the amount 
of heat needed to raise its temperature 
from that of the feed-water to that of the 
steam. 

In heating the water in the calorimeter 
used in testing its quality, each pound of 
steam gave up anamount of heat equal 
to that which would have been required 
to raise its temperature from that of the 
mass in the calorimeter at the end of 
the experiment to that of the steam 
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in the boiler, and to evaporate it at the| with the steam pressure as before, and in 
latter temperature and pressure. the second the valve of W— X comes out 

Each pound of water entering the ca-| negative, indicating superheating. This 
lorimeter surrendered a quantity of heat| may possibly have actually occurred as a 
equal te that needed to raise its tempera- | consequence of the water having fallen 
ture from the final temperature of the | slightly below the upper row of tubes in 
calorimeter to that of the steam under|one boiler, but it is more probable the 
boiler pressure. |reading 124° does not represent the 

22, The total amount of heat being the| mean temperature of the mass of water 
sum of these two quantities, we may con-|in the calorimeter. In this experiment, 
struct an algebraic equation which shall|the water was not as carefully stirred 
embody all the conditions of our prob-| with the thermometer as in the other 
lem. /experiments, and the temperature was 

Let H = the number of heat units per| taken at the surface of the water, after 
pound of steam, A, = the number of heat | a first and otherwise satisfactory read- 
units per pound of water, U= total heat| ing of 116° had been obtained, but a 
transferred to calorimeter, W = total) second application of the steam jet had 
weight of steam and water, x = total| been necessary to accurately balance the 
weight of steam alone, W — «= weight scale, which heated the surface above 


of water alone. 


U | 
Then H2+h(W—2x)=U; orz= / 
H 


—— 


23. At the first experiment, the steam 
pressure, per gauge, was 75 pounds. 
The temperature of steam at this pres- 
sure is 320° Fahr. The “total heat” of 


steam at 320°, from 0°, and at 75 pounds | 


pressure, is (320—212)0.305-+-212-+-66.6 
== 1 211.5°. 

The heat transferred to the calorimeter, 
per pounds of steam, was therefore, 
1211.5 —110 =1 101.5 thermal units in 
this experiment. 

The heat transferred, per pound of 
water, was 320—110= 210 thermal 
units. 

The total quantity of heat transferred 
to the 200 pounds of water by 10 pounds 
of mingled steam and water, was 200 
(110°—60°) =10 000 thermal units.‘ 

10 000 

———— = 8.87 pounds steam. 
210 —! 

W— «x = 10 — 8.87 = 1.13 pounds of water. 


Finally, « = 


The percentage of priming was there- 
fore 11.3. The ratio of weight of steam 


8. 
and water wae “ = 7.85, the water 


1.13 


being x 100 = 12.74 per cent. of the 


steam. 
24, The other experiments were made 


_ | viously heated. 


| the average temperature of the mass pre- 
The true reading can 
| probably have been no higher than 116° 


—lor 117°, and it is taken for purposes 


|of calculation at the former figure, al- 
'though the lowest unrecorded reading 
finally actually obtained at the middle of 
the well-stirred mass was 116°. 


10 600 
204 

1 095.5 
204 


= 9.6 pounds steam. 


Then « = 





|and the weight of water being 10—9.6 
| 0.4, the percentage of priming was 4, 
‘ . 0.4 
and the water carried over weighed a6 
+ 100 = 4.3 per cent. as much as the 
steam with which it was mingled, 

In the third experiment 


10 600 
x at —— =9.59; W -«=—0.41. 
1 096.5 
205 


The percentage of priming was 4.1, 
and of water to steam 4.2 per cent. 

The mean percentage of priming was 
6.47. The mean percentage of steam 
alone was 93.53. 

25. The total quantity of heat derived 
from the fuel and taken up by the boil- 
ers can now be divided into two portions 
and each calculated. 


The total weight of steam 
produced was 

The total weight of water 
primed was 73 125 x .0647 = 4 73L2, 


73 125 x .9353—68 393.8. 








— 
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The mean pressure at which the steam 
was formed being 71.4 pounds, we find 
its “total heat” per pound to be 1 210.6 
thermal units, and the heat communica- 
ted to each pound of feed entering at 190° 
and evaporated at this pressure, 1 020.6 
units. The average heat received from 
the fuel by each pound of water not 
evaporated was 127 thermal units. 

Then 68 393.8 x 1 020.6 = 69 802 712.3 units, 
and 4 731.2x 127.00= 600 8624 “ 
Total heat from the fuel = 70 403 574.7 thermal 
70 403 574.8 units.] 
Total heat per cord tan 77 = 9 148 
321.4 units.] 

26. The usual standard, as generally 
accepted by engineers in examples of this 
kind, is the evaporation of one pound of 
water, at the boiling point, and under 
atmospheric pressure. 

The heat required is the latent heat at 
212°, or 966.6 thermal units per pound. 
We have therefore— 

Equivalent evaporation, by one cord of 
wet spent tan, from 212°, under atmos- 
pheric pressure, 


9 8 381.6 =9 459.2 pounds of water. 
966.6 


27. Under these conditions, 10 pounds 
of water would be considered a fair 
evaporation per pound of good coal, and 
in this example therefore, the furnace 
utilized from each cord of tan the equiva- 
lent of 946 pounds of coal. 

, 28. A. quantity of the tan was placed 
In a “ fruit jar,” and hermetically sealed. 
This tan was carefully weighed by Prof. 
Geyer, at the Stevens Institute of Tech- 
nology, dried by exposure to the air in 
the study of the writer for one week, and 
then again weighed by Prof. Geyer, in 
the presence of the writer. The weights, 
before and after drying, were respective- 
Ras grammes, and 268.8 grammes. 

is fuel contained, therefore, 59 per cent. 
water, and but 41 per cent. woody fibre. 

The weight of a cord of this tan, 











measured in the leach, and then well 
dried in the open air, would be 2 233.56 
pounds, and the equivalent evaporation 
per pound becomes 4.24 plus that of the 
water contained in the fuel, say 1.44, or 
5.68 pounds water per pound of combus- 
tible. 

29. The determination of the temper- 
ature of chimney flue, or of the es- 
caping gaseous products of combustion, 
is thus made. At the first observation, 
50 pounds of water were heated from 
65° to 119° Fahr., a range of 54°, by 
the cooling of a mass of iron weighing 60 
pounds, from an unknown temperature 
to 119° Fahr. ‘The amount of heat com- 


municated to the water was 50 54 = 
2 700thermal units. Each pound of iron, 


2 . 
therefore, parted with 27 = 45 units 


= 


of heat. . 

The specific heat of iron is given by 
Watts as 0.112. It requires, there‘ore, 
the cooling of one pound of iron through 
9° of temperature to heat a pound of 
water one degree. The iron, in the case 
considered, must therefore have lost 
45 x 9=405°, when cooled to 119°, and 
its original temperature, and that of the 
escaping gases in the flue, must have 
been 405°-+-119=524°. The second ob- 
servation, in a similar manner, gives the 
temperature of the chimney flue at 
564.5°. 

Watts gives 315° Centigrade, 599° 
Fahr., as a proper temperature with 
natural draft. Rankine gives absolute 
temperature of external air multiplied by 
= as the temperature giving most effect- 
ive draught. In this case, therefore, in 
which the average temperature of the air 
was 74°, the best temperature of chimney 


would have been pater —— 461 = 


6.45°. 
(Zo be Continued.) 





THE HELICAL PUMP. 
By Mr. JOHN IMRAY. 
From “ Engineering.” 


In this paper the author described the 
helical pump patented in 1868 by Messrs. 


a paddle wheel revolving between two 
helical shells, from each of which there 


~Boulton & Imray, and which consists of|is a tangential passage of area equal to 
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that of the wheel blade. When the wheel 
is caused to revolve in one direction a 
stream of water enters by one of these 
tangential passages, is carried round by the 
wheel becoming gradually shunted across 
the blades, and issues by the other tangen- 
tial passage. When the direction of rota- 
tion is reversed the direction of the fluid 


stream is also reversed. The water in| 


its movement through the pump forms, 
as it were, a liquid rope continually being 
wound on to the wheel barrel on the one 


side and payed out from it on the other} 


side. In the passage of the liquid through 


the pump there are no abrupt bends or | 
changes of direction, but only a simple | 
circular sweep in the path of the wheel | 


blades. Nor are there any changes in 
the form or area of the liquid stream. It 
is, therefore, believed that the loss from 
fluid friction occasioned by such changes 
of form, area, and direction in other ro- 
tary pumps is avoided in the helical 
ump. 
ing liquid in which solid matters are sus 
a. as in sewage, because any solid 
0 


dy having once entered by the inlet | 


passage finds no impediment in its course 
to the outlet passage. 


The pump maintains a head, without 
discharge, at a height twice that due to 
the velocity of the blades, but its effi- 
ciency is greatest when it discharges at 
half that height of head, that is, at the 


head due to the velocity. From numer- 
ous experiments the author stated that it 
had been found that there was a slip of 
about 15 per cent., or that a pump of 
such capacity, and working at such speed 
that it should discharge 100 gallons, if 
there were no slip, actually discharged 
about 85 gallons. He further observed 


that the work done by the pump in rais- | 
ing water, irrespective of the friction of 


the engine and pump itself, amounted to 
about 85 per cent. of the work done by 
the engine driving it, the loss of 15 per 
cent. being due to fluid friction. Taking 
into account the friction of the pump and 
of the engine driving it, the work actually 
realized was about 58 per cent. of the 
power applied. Many helical pumps are 
now at work raising considerable volumes 
of water, various heights from 10 feet to 


40 feet ; and the author stated that they | 


were found particularly suitable for effect- 
ing circulation through surface condensers 
and refrigerators. The helical pump has 


This pump can be used for pump- | 


a compact and simple 
elegant three-cylinder 
Brotherhood & Hard- 


been combined in 
manner with the 
engine of Messrs. 
ingham. 





| REPORTS OF ENGINEERING SOCIETIES. 


| ‘ue Socrery or ENGINEERS.—At a recent meet- 
ing of the Society of Engineers (English), Mr. 
J. H. Adams, Vice-President, in the Chair, a paper 
was read on Tramway Rolling Stock and steam in 
connection therewith, by Mr. C. C. Cramp. The 
author reviewed all the leading historical events, 
extending over 100 years, connected with the use 
of steam on common roads and on tramways. 
The idea of steam-propelled carriages appears to 
have originated with Dr. Robinson, of Glasgow; 
| but M. Cugnot was the first to put the idea into 
practice, which he did in 1770, by constructing a 
steam-moved carriage for the conveyance of artil- 
| lery. In 1785, Murdock constructed a model 
steam carriage in England; and in the following 
| year Oliver Evans experimented in the same direc- 
|tion in America, the legislature of Maryland 
granting him the right to use steam carriages and 
wagons in 1787. Inthe same year William Sy- 
mington constructed a model steam earriage, and 
| afterwards proceeded to carry out his system in 
practice, but did not succeed. Messrs. Trevithick 
| and Vivian, however, were more successful; they 
constructed a steam carriage which ran for some 
time in London at the rate of nine miles an 
hour. Later on they took an improved tramway 
locomotive to George Stephenson at the Wylam 
Colliery. Then followed Brunton, Burstall, and 
Hill, Gordon, Gurney, Brown, all of whom ex- 
perimented with various degrees of success; Gur- 
ney, however, running a steam coach for a long 
time at Bath at a speed of about twenty miles an 
hour. In 1829, Sir James Anderson and Mr. 
James ran a steam carriage with success for a 
time. Mr. Walter Hancock was the next to give 
effect to the idea of steam carriages on common 
roads, and he in 1831 ran a steam coach, the 
‘‘Infant,” regularly between Stratford and London 
with passengers. This coach used also to run to 
Brighton, and Mr. Hancock built several other 
steam coaches upon the same plan with success. 
Mr. Hancock appears to have done more than any 
other inventor to demonstrate the practicability of 
steam locomotion upon our highways, for in 1836 
he put all his steam carriages on the Paddington 
Road, and ran them daily for about six months. 
| Among others who took a prominent part in 
developing this question in England were Sir 
Charles Dance, Colonel Maccrone, Mr. Scott Rus- 
sell (who, in 1834, established a line of steam 
coaches between Glasgow and Paisley), Dr. 
Church, Messrs. Maudslay, Fraser, Thompson, 
| Nairn, E. Lamm, and L. J. Todd; whilst in Ame- 
|rica, Messrs. H. Dyer, J. Dixon, J. K. Fisher, 
A. B. Latta, J. D. Lake, Grice and Long, and 
G. F. Train, have all worked in the same direc- 
|tion. The late Mr. Grantham brought out the 
| most recent example of a steam-moved tram car 
|in England, and which has been the subject of 
| very recent experiment with the view—when legis- 
lative enactment shall permit--of its introduction 
upon our Metropolitan Tramways. The author 
| Gencetbved the arrangements adopted by each in- 
| ventor introduced in his Paper, and concluded by 
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describing a tramway locomotive and a carriage 
designed by himself, as well as a brake and an 
apparatus for clearing the grooves of tramrails 


from an aceumulation of mud or snow. ; 
—Architect. 


Asceestee ScrENTIFIC AND MECHANICAL So- | 
cieTy.—The second ordinary meeting of the | 
members of the above association for the present 
session was held at their rooms in Mosley Street, 
the president, Mr. J. G. Lynde, occupying the | 
chair. Mr. A. Hildebrandt, the honorary secre- 
tary, drew the attention of the members to the 
desirability of having some memorial of their late 
president, Sir William Fairbairn. He thought it 
‘would be a very fitting thing, and at the same 
ttime a movement which would be very beneficial 
to the society itself, if the members would sub- 
-scribe to a fund, the interest of which would go to 
the establishment of a prize to be awarded for the 
best paper read during the session, which might 
be called the Fairbairn prize. Mr. Allott thought 
it was possible, if it was only to end in a bronze 
medal. After some further discussion it was re- 
solved that the matter be referred to the Council. 
An adjourned discussion on a paper read by Mr. 
Evan Leigh ata previous meeting, on the waste of 
ypower in cotton mills, was then resumed, in 
which the members spoke in favor of applying 
power in all kinds of works direct from a drum on 
the shaft to the machinery by means of a belt, in 
preference to the old system of gearing. An ani- 
mated discussion on the width, length and speed 
of running belts followed, and Mr. Leigh urged 
that five thousand feet a minute was a speed now 
‘quite practicable with the improved manufacture 
of belts. Mr. Gadd observed that an advantage 
was to be gained in new belts by reversing them 
on the drums. Mr. Evan Leigh remarked that 
this was because the smooth side allowed less air 
to get between the belt and the pulley and thus 
there was a better grip. Mr. Simpson, after giv- 
ing an instance of the advantage of direct belt- 
driving, said there might be a temporary advan- 
tage in reversing a new belt, but when a new belt 
had got into proper working order he did not 
‘think there was much advantage to be gained. 
With regard to the length of belts it was urged 
that it was not desirable to have very great dis- 
tances between the centres unless the drums were 
-of large diameter, as the vibration would other- 
wise have an injurious effect upon the journals of 
tthe pulleys. After some further discussion with 
mwegard to the manufacture of special belts, the 
yroceedings came to a close.—Engineer. 





IRON AND STEEL NOTES. 


TIBERIAN Iron MARKET.—A correspondent of the 

Daily News, in describing the great fair of 
Nijni-Novgorod, gives the following valuable 
account of the iron mart in that celebrated 
-emporium : 

Iron, he says, has dethroned tea in its relative 
importance at Nijni. Whatever, too, may be the 
changes and vicissitudes in store for Nijni, it will 

robably remain the great depot for Siberian iron. 
ts position with reference to the river system of 
Russia will doubtless secure for it, permanently, 
this advantage. The railways of which we hear 
so much, as destined to revolutionize the trade in 
Nijni, will not, at any rate, affect it in the matter 





ofiron. The difference in cost for the conveyance 
of heavy goods by water as compared with the 
cheapest rates of railway freight is 1.5. Indeed, 
the danger to Nijni in this respect comes from the 
river and not from the rail. Yaroslaf threatens 
Nijni as a depot, for that portion of the Siberian 
iron which goes to Moscow, just because the iron 
can travel as far as Yaroslaf by water, and from 
Yaroslaf to Moscow the distance is only 250 verts, 
by rail, as compared with 410 from Nijni to Mos- 
cow. Six million poods (about 3 1-10th poods 
are 1 cwt.) of iron of the value of eight-and-a-half 
millions of roubles are annually brought to Nijni. 
It comes from the neighborhood of Perm, brought 
down by the rivers Tschousowaya and Biclaya 
(which run into the Kama), by means of boats, 
specially built for this purpose, called ‘kolo- 
menkas.” 

The chief mining districts are Nijni-Tajilsk, Wot- 
kinskii, and Tjewskii; Demidof and Yarkéwlew 
are the great iron proprietors in these parts. The 
price of iron fluctuates a great deal—from 1 rou- 
ble 10 copecks to 2 roubles 80 copecks 2. pood. 
The chief reason of this is that the trade is in the 
hands of a very few merchants who are able, by 
buying up all the iron from Demidof and Yarkow- 
lew, to rig the market at their pleasure. The 
custom of the trade, which requires half the price 
to be paid down at purchase (the rest at twelve 
months’ credit), tends to keep the trade in the 
hands of a small number of merchants with suf- 
ficient capital for it. 

In 1866, two merchants, Roukawischnikow and 
Pastoukhow, bought up all the iron at Nijni, and 
sold it at a profit of 20 per cent. higher than its 
normal price. The Swedish and English iron, how- 
ever, which are imported in considerable quanti- 
ties to St. Petersburg, compete with, and tend to 
keep down, the price of the Oural iron. This 
latter, however, is considered to be of a superior 
quality; its reputed greater malleability is an im- 
portant element in its value, especially in bridge 
making and other engineering operations. At 
Riga, too, the Oural iron meets the English and 
Swedish iron, and, from the length of time it 
takes in reaching Riga, is being driven out of the 
market by them. At Kief, too, another great centre 
of the iron trade, the foreign iron imported through 
Odessa is, in spite of its inferior quality, driving 
out the Oural iron. It has many advantages over 
this latter. In the first place the carriage from 
Odessa up the Dnieper is far easier than that from 
Nijni. This latter route is first to Kalouga by the 
Oka, then overland to Breanska, then by the 
rivers Desna and Dnieper to Kief, where goods 
from Nijni only arrive the following year; in the 
next place, the Odessa corn ships can afford to 
carry the iron at the cheapest possible rate as an 
alternative to returning to Odessa in ballast. P 

—TIron. 


"[\ne Chemical News gives an analysis of some 

Heaton metal which is interesting. The metal 
question was from the sides of the reheating 
furnace used in preparing for the tilt-hammer the 
steel obtained by Heaton’s process-action of Chili 
saltpetre upon fuzed cast iron. It was almost as 
white and lustrous as silver, showed little tenden- 
cy to rust, and presented a remarkable appearance 
as of crystallization, the mass being made up of 
granules ranging from an eighth to a quarter of an 
inch in diameter, on which faces suggesting those 
of the octahedron and dodecahedron were every- 
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where observable. These faces, however, were 
nearly all of them more or less curved and con- 


torted, and more careful examination seemed to | 


show that the structure was in reality pseudo- 
crystalline only, as in the well-known cases of 
basalt, starch, etc. The mass would not bear 
much hammering without crumbling apart, the 
granules in question parting from one another 
without much difficulty, but each single granule 
proved to be tough and malleable, admitting of 
being flattened out easily enough upon the anvil. 
The iron could, moreover, be easily filed and 
sawed, and was not materially hardened by heat- 
ing red-hot and suddenly cooling in water. It 


| bearing. The hard metal cage thus supports the 
| metal within, and prevents its distortion or escape 
save by surface abrasion. Dr. Kunzel claims to 
effect the same result by the peculiar constitution 
of his new phosphorized alloy for bearings. This 
forms its own supporting cage, for the soft bearing 
metal, which, as alluded to at the outset, separates 
from it in the process of cooling. He claims that 
these bearings combine the very small friction and 
non-abrasion of the journals with the firm resist- 
ance to pressure and stability of form of bearings 
of hard metals. The test of practice, however, 
alone can decide the value of these claims, though 
they seem very plausible. 


was, therefore, essentially wrought iron, sp. gr. = | 


7.86. After a careful qualitative analysis, Mr. 
Cabell obtained the following quantitative results: 
Carbon, 1.121; silicon, 0.024; sulphur, 0.037; phos- 
phorus, 0.436; iron by difference, 98.382; total, 
100.00. 

phorus are quite remarkable in connection with 


the malleability and incapability of being harden- | 
ed of the metal, and its high specific gravity and | 
curious structural character still further render it | 


worthy of notice.—Engineer. 





RAILWAY NOTES. 


N= PuosrHor-Bronzes.—Dr. Kunzel, whose 
name will be recalled as the joint discoverer, 


with M. Montefiore-Levy, of the well-known phos- | 


phor-bronze, now announces the additional dis- 


covery that, when phosphor-bronze is combined 
with a certain fixed proportion of lead, the phos- | 


phorized tripple alloy, when cast into a bar or 
bearing, segregates into two distinct alloys, one 
of which is hard and tough phosphor-bronze, con- 
taining but little lead, and the other a much softer 
alloy, consisting chiefly of lead, with a small pro- 
portion of tin and traces of copper. The latter 
alloy is almost white, and when the casting is frac- 
tured, it will be found 
through it; the phosphor-bronze alloy forming, as 
it were, a species of metallic sponge, all of whose 
cavities are occupied by the soft metal alloy segre- 
gated from it. This phenomenon of the segrega- 


tion into two or more alloys of combinations of 


copper with tin and zine has long been known, and 


from the fact that such separation is generally | 


massive, and not equable throughout the mass, it 


has been a source of great annoyance to the foun- | 
Dr. Kunzel, however, seems to have succeed- | 


der. 
edin causing the segregation to take place in 
uniform distribution throughout the casting, and 
has taken advantage of the properties of the pro- 
duct which he obtains in this manner, to construct 
therefrom bearings of railway and other machi- 
ery. 

In heavy bearings, such as those for marine en- 
gines, the valuable properties of Babbitt metal, 
and similar anti-friction alloys, are well recog- 
nized; but, these being generally soft, are open to 
the grave objection that where they are subjected 
to considerable pressure, or even moderate pres- 
sure, accompanied by continued vibration, they 
become distorted in form, and then fail to sustain 
the journals in their proper places. The device is, 
therefore, resorted to by the machinist, of casting 
a hollow cage of hard metal, of proper form, for 
the intended bearing, the cavities of which he then 

up by casting into them the soft metal alloy, 
which thus forms the actual rubbing surface of the 


The large amounts of carbon and phos- | 


nearly equally diffused 


NV PEEL Direct From THE OrE.—The system 
 Ponsard, for producing steel direct from iron 
ore, has attracted much attention, and La Metal- 
| durgie gives the following account of an experi- 
ment made on this system. 

For several years metallurgists have essayed to 
treat iron ores ina reverberatory furnace, instead of 
the blast furnace, which, besides being very costly, 
‘an only, as yet, be worked with coke or charcoal, 
| of which the cost has largely increased of late 
|years. All the attempts made in Europe and 

America have heretofore been unsatisfactory, but 
the problem has at last heen solved. 
On the 27th of September, at the forge of the 
Verrieres, Vienne, France, the first production of 
| pig iron by the direct treatment of the ore in the 
gas reverberatory furnace, system Ponsard, took 
place under the superintendence of the inventor, 
with the assistance of M. 8. Perisse, director of the 
General Metallurgical Society of Paris. 

The apparatus, which has formerly been de- 
scribed, consists principally of a gazogene, which 
transforms the fuel in a series of large chambers, 
and of an apparatus in brick, called the recuperator 
of heat, which receives the flames from the fur- 
nace, and restores the caloric in the form of hot 
air. The compartments of the chamber serve suc- 
cessively for the reduction of the ore, for the reac- 
tions which are effected, and, finally, for the fusion 
of the whole charge in such a manner that the 
separation of the component parts is effected by 
the difference of density. These various phases 
of the operation require very different tempera- 
tures, and the production of these is the special 
object of the apparatus. On the side of the fur- 
nace doors the temperature is only that of red 
heat, while beyond the heat is so great that the 
eye is unable to support the intensity of the glow. 
This extraordinary heat is estimated at 2,000 de- 
gree Cent. 

The success of the experiment is reported to 
| have surpassed all expectation, and the result ob- 
| tained is considered to demonstrate the possibility 
| of producing steel direct from the ore without any 
| of the transformation necessary under existing sys- 
|tems. Of course this is a fresh revolution in the 
| history of metallurgical industry; and it is almost 
| unnecessary to add that, should the system justify 
| the report, it will prove a revolution indeed. 


SUSPENDED Ramway CARRIAGES.—The French 
scientific journals report trials of a suspended 
railway carriage body on the Lille and Valenci- 
}ennes Railway. The invention is by M. Giffard, 


| the inventor of the injector. The body of the car- 
riage is suspended by means of horizontal springs 
| attached to brackets on the frame. These springs 


| are made to work with great smoothness by the 
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interposition of small bronze friction rollers be- 
tween the several leaves of the spring, so that 
when a heavy shock occurs the plates move over 
each other without touching and with an easy 
rolling motion. This is the first time, it is said, 
that friction rollers have been introduced between 
the plates of springs. The reports on these new 
suspended carriages are favorable; the effect of 
sudden shocks and the unpleasant zig-zag move- 
ments are entirely obviated, or rather they are con- 
verted into different motions of a much milder de- 
scription. The new carriages, in fact, when any 
disturbing cause appears, have the pitching and 
rolling motions of a vessel at sea, but to a very 
slight extent; enough, however, to be disagreeable 
to those who suffer much from such motions. On 





the whole, M. Giffard is considered to have hit 
upon a happy idea, and he is not likely to aban- 
don it, if he sees a chance of success. In addition | 
to the comfort of passengers, there is another con- | 
sideration, namely, the wear and tear of the rails 
caused by transverse oscillations, which have a ten- 
dency to wear the tires and flanges of the wheels, 
and to cause the rails to be pressed outward. It 
remains to be seen whether the suspension of a 
portion of the weight of the rolling stock will pre- 
vent this destructive action.—English Mechanic. 


Bpamacars IN Asta Mrinor.—Fifty miles of new 
railway are to be made forthwith in Asia Mi- 
nor. This will constitute an extension of the 
Smyrna and Cassaba line. As far back as 1868, 
negotiations were entered into with the Govern- 
ment for the extension of the line to Alasheir, in 





view of its ultimate protraction along the valley of 
the Meander to Ouchak, and thence to Kutayeh, 

where it would join the great projected trunk line 
which is one day to connect Constantinople with 


give the Alasheir line to Smyrna—with the help of 
a small branch or two—a very heavy mineral 
traffic. The Bozdagh range, which the line skirts 
all the way from Cassaba to Alashier, is full of 
coal, iron, copper, silver, lead, and other valuable 
ores, and several concessions have been applied 
for the purpose of working them.—Engineer. 





ENGINEERING STRUCTURES. 


Ws Supply AND SEWERS OF Paris.—The 
water service and the sewers of Paris have 
been, and still are, under the direction of M. Bel- 
grand, Inspector-General of Ponts et Chaussées, 
and member of the Academy of Sciences. The 
sum required for the water service next year is, 
according to the Society of Arts’ Journal, equal 
to £250,049, being £9,600 less that the expense in 
the current year. 

The potable water of Paris is derived from the 
Seine and two other sources, while the watering of 
the streets, the supply of the public fountains, and 
the general cleansing, are effected by means of 
the waters of the Oure, which are totally unfit for 
drinking or cooking. Another source is that of 
the artesian wells, but their cost is found to be so 
great that their further adoption is questionable. 
There are, however, at present in hand one at the 
Place Hebert, another at La Chapelle, and the 
third at the Butte-aux-Cailles. 

The two sources of pure water for the use of 
Paris are those of the little streams of the valleys 
of the Dhuys and of the Vanne. The waters of the 
former have now for some years been received in 
an enormous reservoir, and the canal and reser- 
voir of the Vanne are approaching completion. 
| The reservoir of the Vanne at Mont Souris, just 


the head of the Persian Gulf. It was, however, | completed, is an enormous structure of two stages, 
only eighteen months ago that an arrangement | arched over and covered with turf. The cost of 
was come to with the Government for carrying the | these canals and reservoirs has been very large, 
line further inland, and the Government then | but the water supply brings in a considerable 
agreed to construct the line at its own cost, and to revenue, and will shortly bring in more. The 
give the working of it, on certain conditions, to} income from subscriptions within the city, and 
the Smyrna and Cassaba Company. A contract from a company formed to supply water in the 
for the works was entered into with Mr. Samuel | communes without the wells, is estimated to pro- 
Bayliss, C. E., who resigned his post as gen-| duce £280,000 in 1875, while certain other items 
eral manager of the Smyrna and Cassaba line, | add £20,000 more to the amount, and gradually, 
in order to apply himself to the execution of his | as the supply of water to the houses becomes gen- 
contract. That the contract was placed in good | eral, and as cesspools give way to water-closets in 
hands seems to be shown by the promptitude with | connection with the sewers, the income from this 


which the works have been completed, and by the | 
Satisfactory report of the commission which has 
just returned from inspecting them. The exten- 
sion has not, however, as yet been opened for 
traffic, although everything is ready, even to the 
printing of the tickets, for so doing. Some inex- 
plicable hitch has apparently taken place with 
regard to the arrangements for working the line, 
and Edhem Pasha, under whose auspices it was 
expected that the ceremony of opening would take 
place, has returned to Constantinople, leaving the 
line unopened and local commerce in a state of 
discontent at the delay. The situation, however, 
seems too absurd for the possibility of its pro- 
longation to be entertained. The extension, al- 
though reaching onwards towards Ouchak, the 
great centre of the internal trade of the valley of 
the Meander, does not even yet go near enough to 
it to admit of the full realization of the primary 
objects of the line. But it seems probable that it 
will—at all events it is possible that it may—open 
out a very important mining country, which would 





source will increase largely. 

Much more remains to be done before the system 
of sewers is complete. The great egout collecteur, 
or main sewer, was one of the sights of the Em- 
pire, and the work has been pursued, though not 
continuously, for twenty years. Still many small 
streets in the old parts of Paris have no connec- 
tion with the new system of sewers, and most of 
the secondary streets of the suburbs have no other 
sewer but the gutter. Each year adds some miles 
to the length of the sewers, but the work cannot 
at present be pushed on rapidly on account of the 
heavy demands on the finances of the city. The 
budget for the coming year includes no important 
sewer work, but the sum required for the main- 
tenance of existing sewers is £100,000. This also 
includes the maintenance of a small stream, which 
curiously corresponds to the Fleet in London, 
namely, the Bievre, which, has been converted 
into a sewer. The products which do not find 
their way into the sewers are carried away to La 
Villette and Bondy, and, with payments on ac- 
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count of public and private sewers, etc., produce 
£50,000. This service includes also the applica- 
tion of a considerable amount of the sewage of 
Paris to the cultivation of the market gardens of 
the plain of Gennevilliers.— Builder. 


si St. GorHarp TunnEL.—The following pro- 
gress was made at the St. Gothard Tunnel 
during the month of August: North side (Goe- 
schenan), 120.40 metres; South side (Airolo), 
60.68 metres; total advancement, 181.000 metres. 
The position of these works on the 31st of August 
was as follows: North side (Goeschenan), 1,246.20 
metres; South side (Airolo), 1,048.60 metres; total 
length driven, 2,294.80 metres. 


Mb DRAINAGE OF St. PETERSBURG.—The present 
municipality of St. Petersburg are not unmind- 
ful of the sanitary arrangemenis of their fine 
northern city. It is a known fact that, as far as 
drainage is concerned, St. Petersburg is one of the 
most backward towns of Europe. Several plans 
have heen proposed for removing the sewage be- 
yond the circuit of the town, both on the hydraulic 
and pneumatic system, but nothing has been de- 
finitely settled owing to the magnitude of the 
undertaking, and the difficulties which are likely 
to be met with on such aswampy soil as that upon 
which St. Petersburg is built. The existing water- 
‘works are to be extended, and new waterworks to 
be erected in the important section of the town of 
Vasilyefsky Ostrof, on the right bank of the Neva, 
and for supplying also the districts of Peterburgs- 
kaya and Viburgskaya. Several of the smaller 
towns of the interior are following in the wake of 
St. Petersburg in this regard.—Engineer. 


HE PERA AND GALATA TUNNEL AT CONSTAN- 

* TINOPLE.—The works of this enterprise are 

fast assuming form, and at the terminal stations, 
‘Teké, for Pera, and Rue Yeni-Djami, for Galata, 
‘as also in the tunnel itself, every indication is now 
apparent of the ‘Metropolitan Railway” soon be- 
coming an accomplishedfact, and carrying to 
and fro constantly during the day its freights of 
passengers and merchandise. A few days back a 
Ministerial party inspected the station at Galata 
and the railway carriages there, and then proceed- 
ed through the tunnel, brilliantly lighted on the 
occasion, where a trial was given to the steam- 
engines which turn the drum wheels winding the 
wire ropes by which the trains are pulled up and 
det down the rails. Edhem Pasha himself put the 
wheels in motion, and the apparatus worked with 
the most perfect ease and success, and almost 
noiselessly. The whole of this machinery has been 
constructed at the well-known Creuzot foundry in 
France. The members of the Board of Works then 
descended the tunnel to Galata, and, on leaving, 
warmly congratulated M. Gavand on the advanced 
Stage of the undertaking. The stations are in 
course of completion, and the second line of rails 
within the tunne! is being laid. Within a month 
it is hoped the line will be in thorough working 


order and ready for public traffic. The diameter of | 


the drum-wheels is so large that thirty turns will 
suffice to bring up atrain from Galata to the Teké. 
Gas will not be employed in lighting the tunnel, 
for fear of accident. Oil lamps will be used; but 
the carriages themselves wiil be well lighted. A 
new street will run from the Grand Rue to the 
Teké terminus. A square will be formed between 
the Pera terminus and the monastery of the Dan- 


| it if necessary. 


cing Dervishes, recently renovated and embellished, 

and omnibuses and hackney cabs will be stationed 

on this square for the convenience of passengers. 
—Builder. 





ORDNANCE AND NAVAL. 


PP BESERVaTIoN or IroN Snuips.—A few months 
ago, 22d of May, we summarized the instruc- 
tions issued by the Admiralty relative to the pre- 
servation of boilers by the placing of unslaked 
lime in those boilers which could be kept empty, 
and in those cases where they were liable to leak- 
age from the sea, by filling them with a solution of 
lime in sea water. The result of the experimental 
| application of the solution of lime has been so 
| satisfactory that its use is to be extended to iron 
| and composite ships under the circumstances de- 
| scribed in the following circular, No. 36 of 1874, 
|lately issued by the Admiralty: ‘Experiments 
having shown that the destructive action of bilge 
water on the iron frames, etc., of iron and of com- 
posite vessels may be reduced or altogether ob- 
viated by the use of lime, my Lords Commission- 
ers of the Admiralty are pleased to direct that in 
all cases where it may be found impossible to dry 
out completely any of the compartments, bilges, or 
wings, in order to coat them with composition, 
paint, or cement, as prescribed by circulars 28 of 
1872, 22 of 1873, and 31 of 1874, lime well slaked 
is to be placed in the water contained in such 
places. As unslaked lime would injure coatings 
of composition, paint, or cement, care is to be 
taken that the lime used is thoroughly slaked.” 
—Engineering. 





METHOD OF RAISING AND LOWERING THE SCREW 

OF A PROPELLER.—Mr. Harland, of Belfast, 
gave an account before the British Association of 
his method for raising and lowering the screw 
propeller in ships, remarking that during some 
voyages, and especially across the Atlantic, the 
wave line of the side of the ship was very often 
such as to leave an ordinary screw half exposed. 
Under these circumstances the engine has only 
half work to do, and consequently is apt to run off 
at such speed as to injure the machinery. To 
prevent this he has devised a simple method of 
lowering the screw, enabling the engineer in heavy 
weather to keep the vessel going much steadier, 
with very little reduced speed. A large amount of 
power was thus utilized, with the advantage of a 
uniform motion. In the normal position of the 
screw the tip should be in a line with the keel; but 
when the vessel is in more water than she really 
requires, the screw can be lowered, involving no 
change in the speed of the engine. To prevent 
the screw coming in contact with fishermen’s nets, 
or other obstacles, a small shoe can be slipped under 
Mr. Harland’s invention includes 
also a method of elevating the screw, to avoid con- 
tact with ice or other floating objects, and to 
enable it to be repaired without the necessity of 
actually taking the vessel into dock. The opera- 
tion of raising and lowering the screw is readily 
and rapidly performed by means of a small engine 
on the deck. The invention of Mr. Harland was 
regarded by experts present at the meeting as be- 
ing one of the most important ever introduced 
into steam navigation.— Tribune. 


HE JAPANESE Navy.—Japan has now altogether 





fifteen ships of war. A ram named the Adsu- 
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makan has engines of 500 horse-power and is 
armed with one 300-pounder and two 70-pounders, 
all muzzle loaders. The corvette Nitsinkan, of 1,000 
‘tons burthen and 250 horse-power, is armed with a 
7-inch Armstrong and six 60-pounders; her crew 
consists of 145 men. The Kagusakan has engines 
of 300 horse-power; she is armed with one 100- 
a four 50-pounders, and one 20-pounder,and 

er crew consists of 130 men. The corvette Malacca 
(formerly English), of 1,400 tons burthen and 300 
horse-power, is now called the Tukulakan, and she 
is being equipped as a training ship. Then Japan 
has four gunboats, the Wanyokan, the Mosikan, 
the Hoskolan, and the Thabarkan; they are armed 
with from four to six heavy guns each, and they 
have each crews of from 60 to 70 men. Japan has 
also some older gunboats, but they are regarded 
as practically useless for war purposes, and could 
only be used as hospital and store ships. 





BOOK NOTICES. 


(Courcration FROM DIAGRAMS OF RAILWAY EARTH- 

worK. By Arruur M. WELLINGTON, C. E. 
New York: D. Appleton & Co. 

The calculation for earthwork of a long line of 
railway or canal is a weariness to the flesh; he who 
aids to lighten in any way the drudgery, without 
sacrificing accuracy, renders a substantial service 
to railway surveyors. 

There are two methods of aiding the computer: 
One is to furnish him with tables in which the 
quantities for the more regular volumes have been 
carefully calculated, so that the bulk of his labor is 
reduced to finding products in an extended multi- 
plication table; the other method furnishes the 
worker with diagrams in which the intersections of 
numbered lines indicate the required quantities. 

Both methods have their advocates. Judging 
from the demand for tables, we estimate those who 
prefer to ‘‘see the figures” as constituting by far 
the majority. This is possibly owing to the limited 
application of the diagram methods that have been 
thus far offered. 

Mr. Wellington’s set of plates leaves nothing to 
be desired in this direction. We applied the tests 
suggested in the text, which fully describes the 
plan of construction of the plates, and became 
fully satisfied with the accuracy of the results. 

On our own part, we could offer no objection to 
the use of the plates, save that they are exceeding- 
ly trying to the eyes. After an hour’s work over 
them in a strong light, a badly stretched fish net 
seemed for a time to overlie the whole landscape. 
Aside from this inconvenience, which for many 
does not exist, Mr. Wellington’s set of plates 
affords a very rapid method of obtaining accurate 
results in railway earthwork computation. 


Es TORPILLES. Par LE MaJ. H. DE SARREPONT. 
Paris: J. Dumaine. 

This is not so much a treatise on ‘‘torpedoes” 
as a collection of descriptive extracts, from a large 
variety of sources, of the torpedoes, existing and 
proposed, of all nations. The whole being taken 
from the ‘‘Journal des Sciences Militaire.” 


(ove ON DESCRIPTIVE GEOMETRY, FOR THE USE 
OF COLLEGES AND SCIENTIFIC SCHOOLS, by 
Professor Watson (Longmans, Green & Co.), is a London: Thomas Murby. 1874. 


very good textbook of the science of descriptive: 
geometry. An appendix is added containing 
stereoscopic views of the solutions in space of the 
principal problems.—Building News. 


ECHANICS’ GEOMETRY. By Rosert RIDDELL 
(London: G. Rivers), is by the well-known 
author of a treatise on staircase construction 
which we, some years since, reproduced. The 
work is designed to teach the carpenter and joiner, 
the mason, or metal-worker, or any other artisan, 
the knowledge of the constructive principles of his 
calling. To secure this end, the illustrations given 
are not mere surface diagrams, but actual models 
in cardboard of the figures represented, by means 
of which the student can be shown the lines 
brought together in actual projection, and thus be 
made more readily to understand the geometric 
plan the parts will cover when laid back upon the 
level surface of the illustration.— Building News. 


(Commerctat SHORTHAND IN TWELVE Easy 
/ LESSONS, ARRANGED SO AS TO BE LEARNED 
WITHOUT THE Arp OF A Master. By G. H. WILLIs. 
London: Elliott Stock. 

The system of shorthand here introduced by Mr. 
Willis is based upon one which is perhaps the 
most generally known, that which has been so ex- 
tensively popularized by Odell. Many of the most 
useful improvements of Pitman and others are, 
however, added, and a great number of useful and 
distinct stenograms and phraseograms—the latter 
both in roman and shorthand characters—are 
given, which are calculated considerably to abridge 
the labor of note-taking. The objections to Pit- 
man’s system, as one for merely occasional use, 
|adduced by the author, are well-founded; the 
| “light and heavy strokes, almost impracticable 
sections of the circle,” the difficulty of acquiring it 
at first, and the immense practice necessary to re- 
|} tain it, make it unsuitable for clerks and others 
| who do not require to use shorthand continually; 
| While the distinctness and legibility of the present 
| System, the ease with which the characters may 
be performed and retained in the memory, and 
with which they are distinguishable from one 
another, making the writing thus easy to read, 
combined with the amount of alphabetical con- 
densation it affords, render it the very thing, not 
only for commercial people, but for clergymen, 
barristers, and professional persons of all kinds. 


N ELEMENTARY EXPOSITION OF THE DOCTRINE OF 
Enercy. By D. Heats, M. A. London: 
Longmans. 1874. 

The fundamental principles in physics comprised 
in the above phrase, form an essential part of 
many modern theories of great importance which 
cannot be fully understood without reference to 
these. Mr. Heath’s treatise is the substance of a 
course of lectures oe to the highest form of a 
county school, and they have been published in 
their present form by the advice of the Govern- 
ment Examiner and other qualified persons who 
have detected their value. The result has been a 
little handbook which, from its clearness as well as 
completeness, seems well titted for the use of the 
private student, or as a text-book for the higher 
classes in schools, for both of which purposes 
special pains have been taken to adapt it. 


RACTICAL SOLID GEOMETRY, OR ORTHOGRAPHIC 
AND Isometric Prosection. By J. PAYNE. 








| 
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We were gravely told by the Gresham Lecturer, 
on Geometry the other night, as we sat almost 
freezing among his scanty audience, that the chief 
use of projection was to discover the relations ex- 
isting between the circle and the ellipse. A state- 
ment like this is enough to make us wonder 
whether that lecturer knows anything at ail about 
the practical application of the science he is sup- 

lto teach. The twenty years’ work of the Sci- 
ence and Art Department, to say nothing of the 
long practice of the drawing office, and the hun- 
dreds of books, elementary and profound, on the 
subject, afford an illustration of the true state of 
the case which is far more emphatic than all the 
lectures of all the Greshamites. The publisher of 
this little book might very well send a copy to Gre- 
sham College Library, where we will undertake to 
say it will be securely taken care of, though no 
man on earth could guarantee that the next lec- 


Bodies; Carbohydrates; Alcohols and their Pro- 
ducts. 

The book is exceedingly well printed; the che- 
mical formulas are in heavy type, and the arrange- 
ment of paragraphs and sections altogether give 
the pages an inviting appearance. 


MISCELLANEOUS. 


Meserc VARIATIONS ON THE EASTERN SHORE. 
—SEAFORD, DEL., Sept. 1, 1874.—To the Edi- 
tor of the Railroad Gazette: Isubjoin a list of 

‘‘ Magnetic Variations ” furnished by the late Prof. 
Bache of the Coast Survey, and used in running the- 
| boundary line between the eastern shores of Mary- 
land a Virginia, to which regions the variations 
refer. They are fully confirmed by the ancient 





turer on geometry would condescend to consult its | Jand-survey records of this part of “the Eastern 
useful pages. Mr. Payne has done his work well on | Shore,” and by the observations of the present sur- 
the whole, though we are by no means convinced | yeyors, who give the last variation in the list, that 
of the advisability of including an elementary and | for 1874, of 3° 30’. It is the fullest and best au- 
an advanced treatise within the same volume, es- | thenticated record with which I am acquainted 


pecially when, as in this case, the elementary part 

suffers somewhat by the practice. The book be- | 
longs to a series intended to prepare for the South 

Kensington examinations, and Mr. Murby has fur- 

nished it with engravings somewhat better exe- 

cuted than those in others of the series.—Jron. 


RAPHICAL METHOD FOR THE ANALYSIS OF BRIDGE | 
Trusses. By Cnas. E. GREENE, A. M. New| 
York: D. Van Nostrand. | 
The Graphical Method is certainly growing in | 
favor. The combined advantages of ease of appli- | 
cation, sufficient accuracy, and ready detection of | 
accidental errors, are enough to ensure its ready | 
acceptance by a numerous Class of engineers. To | 
many able, practical men, the graphical is the only | 
satisfactory method. 
The present work is not a rudimentary treatise, | 
although it presents in a brief way the elements of | 
the method. The object of the author has been to | 
present the difficult problems of the Continuous | 
Girder and the Draw Span, and bring them within | 
reach of this method of solution. A valuable addi- | 
tion is thus made to engineering literature, and a | 
substantial service is rendered to the profession. | 
The separate chapters bear titles as follows:— 
Chaper 1, Single Span Trusses, with Horizontal | 
Chords; Chapter 2, Single Span Trusses, with In- | 
clined Chords; Chapter 3, Continuous Girder of 
two Spans; Chapter 4, Continuous Girder of Many 
Spans; Chapter 5, Pivot Bridges or Draw Spans. 
Three folding plates illustrate the text. 


| 
| 


By 
New | 


UTLINES OF PROXIMATE ORGANIC ANALYSIS. 
Prof. ALBERT B. Prescorr. Price $1.75. 
York: D. Van Nostrand. 

The author of this compact little volume is the | 
Professor of Chemistry in the University of Michi- | 
gan. The work was originally compiled for his 
own use in instruction. 

The title sufficiently explains the design of the | 
treatise; its scope may be inferred from the follow- | 
ing extract from the table of contents : Prelimi- 
nary Examinations; Solid Non-Volatile Acids, 
Solid Volatile Acids ; Liquid Non-Volatile Acids; 
Liquid Volatile Acids; Fatty Acids, Liquid and 
Solid; Neutral Substances, Liquid or Fusible; 
Bases, Liquid and Solid; Glueorides, and other 
Solid Neutral Substances; Nitrogenous Neutral | 


bearing on this subject, and I have thought it 
might possess an interest for some of your readers. 
8. 


Variation of Magnetic Needle on the Southern Boun- 
dary of the Eustern Shore of Maryland. 


variation 
“ 


= 4954’ West. 

‘ 5 06’ “ 
5°06’ 
4°54’ 
4°36" 
4°06" 
3°30° 
4205’ 
2°18’ 
* 1°42’ 
1°06° 
0°42’ 
0°24’ 
018" 
0°18’ 
0°30° 
0°48" 
1°18 
1°54’ 
2°30° 
3°15’ 
*¢ 3030’ 


1680 
1G9O. wcccccccccscccccce 


1720 
1730 

1740 
LT5O...ccccccee 
1760... . 
1770 

1780 

1790 

1800 

1810 

1820 

1830 

1840 
1850.... 
1860.... 
1870 

1874 


ESEARCHES ON EXPLOSIVES.—FIRED GUNPOW- 
pER.—Captain Noble and Mr. Abel have 
come to a definite stage with their experimental 
researches into the action of fired gunpowder, and 
have embodied their conclusions in a report in the 
proceedings of the Royal Society. 

Their objects they state to have been: 1—(1) To. 
ascertain the products of explosion when fired in 
guns and mines; (2) to investigate the tension; 
(3) the effect of various sizes of grain; (4) the vari- 
ation caused by various conditions of pressure, 
comparing explosion in a closed vessel with that in 
the bore of a gun; (5) the volume of permanent 
gas; (6) the heat; (7) to ascertain the work per- 
formed on a shot in the bore ofa gun. For this 
very careful experiments were carried out to ascer- 
tain the pressure, volume of permanent gas, heat, 
and analysis of gases and solid products. A ves- 
sel of mild steel, tempered in oil, was used, com- 
pletely closed with a closely-fitting screw firing 
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plug, through which were led circuit wires with 
fine platinum wire enclosed with mealed powder, 
which it fired when heated by the current of a Dan- 
iell battery. The results were briefly as follows : 
The pressure was registered by Captain Noble’s 
crusher gauges. at from 1 ton to 36 tons per 
square inch. The analysisof the gaseous pro- 
ducts showed a regular change, due to variation in 
pressure, carbonic anhydride increasing, with a 
decrease in carbonic oxide as the pressure in- 
creased. The solid products were subject to 
greater and less regular variation; speaking 
generally, the chemical action is more complicated 
than has been supposed, and the old fundamental 
equations are found to represent it very imper- 
fectly. More carbome oxide and potassium car- 
bonate, and less potassium sulphate than has 
been thought, is produced. Potassium sulphide is 
thought to be formed primarily, but eventually it 
is not present in any considerable quantity, having 
given place to potassium hyposulphite. The tem- 
perature of explosion is found by means of plati- 
num wire or foil to be about 2,200 deg. C. About 
35 per cent. of the heat generated is communicated 
to a small arm, and but 3 per cent. to an 18-ton 
gun. The products of explosion consist of about 

fty-seven parts by weight of solid to forty-three 
of permanent gas. When the powder fills the 
space in which it is fired, the pressure is about 
6,400 atmospheres, or 42 tons per square inch. 
‘The products of explosion generally are the same 
in a gun and in a completely closed vessel. The 
work on the projectile is due to the elastic pressure 
of the permanent gases. 

These results have only been obtained by a long 
and laborious course of very carefully conducted 
experiments. They are very valuable, and such as 
but very few individuals have the means of carry- 
ing out. Those interested in the subject, there- 
fore, owe much to Capt. Noble and Mr. Abel, and 
those who have under them carried out the inves- 
tigation so thoroughly and with such ability. 





OBITUARY. 


Two active and valued members of the en- 
gineering profession, both of whom have afforded 
‘valuable material for our pages, have passed away 
‘with the year 1874. 

Geo. H. Mann, fatally injured by a railway acci- 
dent, died on the 11th of June. 

Mr. Mann had for some time been a resident of 
New Haven. From the Journal and Courier of 
that city we take the following extract : 

Mr. Mann was a native of Brooklyn, N. Y., 
where his parents now live. He was trained to 
his profession by the most thorough and severe 
course that this country affords, having been 
graduated first at the Brooklyn Polytechnic and 
subsequently, after a five years’ course at the Rens- 
Selaer Polytechnic of Troy, where he was gradu- 
ated with the highest honors in his class. Since 
his settlement in New Haven he has been rapidly 
advancing to the highest position among our 
engineers. For the first two years he was a mem- 
ber of the United States Engineer Corps, engaged 
here on the Coast Survey. Since then he has been 
employed by all real estate men in the city, and 
upon a large share of the city improvements. Only 
recently he finished the surveys and drew all the 
maps, profiles, sections and plans for the West 
River canal, and was about to superintend its 
construction. He had just been appointed Assist- 








ant Engineer over the new Quinnippiac Bridge, 
and was in every way on the high road to an ex- 
tensive and valuable business when thus suddenly 
cut down. It was under his direction that the re- 
cent valuable surveys and changes in our harbor 
have been largely carried on, including the location 
of the channel and buoy reefs. As a workman he 
was wonderfully rapid and accurate, while the 
maps and plans in which were embodied the results 
of his surveys were models of delicate and beautiful 
delineation. In this department he had no rival, 
He was also much employed as an expert in dis- 
puted surveys, and his opinion in such cases was 
highly valued. He was a man of thorough and 
wide treining outside of his specialty, being a 
practical chemist of no mean order and a good 
linguist. 

John W. Murphy, of Philadelphia, died after a 
brief illness on the 27th of September. 

Mr. Murphy has been one of the most active 
members of the profession. He was graduated at 
the Rensselaer Poiytechnic Institute in 1848, at the 
age of 19. His unflagging industry at that time 
was the wonder of his classmates. In addition to 
the labor of completing his regular course, he suc- 
cessfully accomplished during the last year all the 
mathematical studies of the post-graduate course, 

In 1849 he began engineering practice as as- 
sistant engineer of Eastern Division of the Erie 
Canal. In 1850 he designed a suspension bridge 
over the Mohawk. A vertical truss added to the 
structure to insure stiffness was original with Mr. 
Murphy. 

From 1851 to 1853 he built levees along the Ala- 
bama River. 

In 1854 he built as contractor a bridge over the 
Delaware, at Easton. While engaged in this work 
he was led to abandon the old plan of “ faise 
works” and adopt an entirely new one which 
proved remarkably successful, and has been em- 
ployed frequently since when building over a trou- 
blesome current. Hesuspended his ‘ false works” 
on wire ropes. Using one of the piers for an 
anchorage, he made his cables fast by means of 
fox-bolts; then upon the curve of the cables be- 
tween the next two piers he erected a diagonal 
bracing made of planking, up to the chord line; 
the other extremity of the cables being carried on 
to an anchorage across another span. 

In 1856 he devised the Murphy-Whipple plan of 
bridges, and erected several in different parts of the 
country. It was at this time that he insisted that 
tests of iron should be made with reference to the 
‘limit of elasticity ” quite as much as to ultimate 
strength. 

Among his brilliant achievements in rapid, 
original work, a good example is afforded by a 
bridge built for the Government during the war ; 
the object being to reopen a route for the army of 
Rosecrans across the Gauley in West Virginia. 
It was a rigid suspension truss of novel design, 
five hundred and twenty feet in length, of three 
spans, completed and tested on the twenty-third 
day from the drawing of its plans. 

The roof of Fair buildings in Union Square, 
Philadelphia; the Aqueduct across the Wissahee- 
kon, at Valley Green, and the new bridge at South 
Street, Philadelphia, are some of his more promi- 
nent later works. 

He was a ready writer, a good speaker, and one 
of the most genial of companions. His contribu- 
tions to engineering literature were numerous and 
valuable; they chiefly embodied discussions of ac- 
complished works. 
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Fig.1. 
Skew Arch. 
Helicoidal Method. 





